The Association of Size Variation in the Dental Arch to Third Molar Agenesis for a Modern Population by Williams, Devin N.
University of South Florida
Scholar Commons
Graduate Theses and Dissertations Graduate School
April 2018
The Association of Size Variation in the Dental
Arch to Third Molar Agenesis for a Modern
Population
Devin N. Williams
University of South Florida, dwill7012@gmail.com
Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the Biological and Chemical Physics Commons, and the Evolution Commons
This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.
Scholar Commons Citation
Williams, Devin N., "The Association of Size Variation in the Dental Arch to Third Molar Agenesis for a Modern Population" (2018).
Graduate Theses and Dissertations.
http://scholarcommons.usf.edu/etd/7247
 The Association of Size Variation in the Dental Arch to Third Molar Agenesis  
 
for a Modern Population 
 
 
 
by 
 
 
 
Devin N. Williams 
 
 
 
 
A thesis submitted in partial fulfillment  
of the requirements for the degree of 
Master of Arts 
Department of Anthropology 
College of Arts and Sciences 
University of South Florida 
 
 
 
Major Professor: Erin H. Kimmerle, Ph.D. 
Jonathan D. Bethard, Ph.D. 
E. Christian Wells, Ph.D. 
 
 
Date of Approval: 
April 9, 2018 
 
 
 
Keywords: cephalometrics, human evolution, growth and development 
 
Copyright © 2018, Devin N. Williams  
 
  
 DEDICATION 
 
 This thesis is dedicated to my mother, Cheryl Holbrook, my father, Robert Holbrook, 
and my brother, Garrett Williams, for loving and supporting me throughout all my academic 
endeavors and for acting as an anchor during rough waters when I was lost. Thank you for 
always believing in me. You were my light in the darkest of places. You are my ohana.  
I would also like to dedicate this thesis to my fellow graduate students who are 
silently suffering through the most vulnerable stages of their career. You have become my 
second family. We may not always be in the same place, but we will always be there for each 
other. Each of you is a lion that is fearless and determined to achieve your dreams. Do not 
concern yourself with the opinions of sheep. Stay strong and be unbroken. 
  
 ACKNOWLEDGMENTS 
 
I would like to thank all of those who helped me complete my thesis for the Master of 
Arts degree in Anthropology. I wish to thank Dr. Erin Kimmerle for encouraging my interest in 
biological variation in humans, dental anthropology and forensics. I would like to thank Dr. 
Jonathan Bethard for helping me lay out a plan of action for this study and always having time to 
talk. I wish to thank Dr. Christian Wells for his invaluable help with interpreting data and editing 
my thesis. I would also like to thank the preceding professors for their guidance and input 
throughout this study. I wish to acknowledge Dr. Heather Edgar for access to the University of 
New Mexico’s Maxwell Museum of Anthropology Orthodontics Case File System.  
My gratitude is extended to all of my graduate professors who have made me a better 
anthropologist throughout my two years at USF. To my friends, thank you for understanding the 
stress we all face and for keeping me entertained. To my family, thank you for your support and 
love. 
i 
 
 
 
 
 
 
TABLE OF CONTENTS 
 
List of Tables ................................................................................................................................. iii 
 
List of Figures ............................................................................................................................... vii 
 
Abstract .......................................................................................................................................... xi 
 
Chapter One: Introduction ...............................................................................................................1 
Applied Anthropological Research ......................................................................................6 
 
Chapter Two: Literature Review .....................................................................................................7 
Development of Human Dentition .......................................................................................8 
Population Studies .............................................................................................................11 
Non-human, Prehistoric, and Historic Human Populations ...............................................20 
Congenital Illness and Associated Variations....................................................................23 
Biocultural Hypothesis.......................................................................................................26 
Developmental Hypothesis ................................................................................................30 
Genetics of Third Molar Agenesis .....................................................................................33 
 
Chapter Three: Materials and Methods ..........................................................................................37 
Sample................................................................................................................................37 
Case Selection Criteria .......................................................................................................39 
Removal of Outliers ...........................................................................................................41 
Identifying Agenesis ..........................................................................................................41 
Collection of Cephalometric Data .....................................................................................42 
Group Selection .................................................................................................................45 
Statistical Data Analysis ....................................................................................................46 
 
Chapter Four: Results ....................................................................................................................51 
Total Sample ......................................................................................................................51 
Groups ................................................................................................................................56 
Cephalometric Analysis: Descriptive Statistics .................................................................58 
Cephalometric Analysis: Chi-square Tests ........................................................................66 
Cephalometric Analysis: Kruskal-Wallis Non-parametric Tests .......................................71 
Cephalometric Analysis: Logistic Regression Analysis ....................................................80 
 
Chapter Five: Discussion ...............................................................................................................84 
Frequency of Agenesis .......................................................................................................84 
Third Molar Agenesis and the Dental Arch .......................................................................88 
Future Research .................................................................................................................93 
ii 
 
 
Chapter Six: Conclusion ................................................................................................................95 
 
References ......................................................................................................................................98 
 
Appendix A ..................................................................................................................................103 
 
Appendix B ..................................................................................................................................124 
 
Appendix C ..................................................................................................................................131 
 
About the Author ............................................................................................................... End Page 
  
iii 
 
 
 
 
 
 
LIST OF TABLES 
 
Table 2.1: Frequency of third molar agenesis by geographic provenience...................................12 
 
Table 2.2: Frequency of third molar agenesis from previous studies ...........................................14 
 
Table 3.1: Distribution of sample (outliers included) ...................................................................40 
 
Table 3.2: Distribution of sample after outliers are removed .......................................................41 
 
Table 3.3: Cephalometric measurements recorded in millimeters ................................................43 
 
Table 3.4: Descriptive statistics of cephalometrics (mm) grouped by sex ...................................44 
 
Table 3.5: Descriptive statistics for cephalometrics (mm) grouped by ancestry ..........................45 
 
Table 3.6: Outline of statistical comparisons to test H1 ................................................................48 
 
Table 3.7: Outline of statistical comparisons to test H2 ................................................................49 
 
Table 3.8: Outline of statistical comparisons to test H3 ................................................................50 
 
Table 4.1: Distribution of sample..................................................................................................53 
 
Table 4.2: Distribution of individuals with absent third molars ...................................................54 
 
Table 4.3: Total count of third molars absent per group ...............................................................54 
 
Table 4.4: Number of missing third molars per quadrant .............................................................55 
 
Table 4.5: Number of missing third molars per individual ...........................................................55 
 
Table 4.6: Descriptive statistics for cephalometric measurements (mm) grouped by sex ............59 
 
Table 4.7: Descriptive statistics for cephalometrics (mm) grouped by ancestry ..........................60 
 
Table 4.8: Descriptive statistics for cephalometrics (mm) grouped by presence or  
 absence of third molars ................................................................................................61 
 
Table 4.9: Descriptive statistics for cephalometric measurements (mm) separated  
 according to presence and absence of third molars and sex group ..............................62 
iv 
 
Table 4.10: Descriptive statistics for cephalometric measurements (mm) for 
 individuals within each ancestry group with absent third molars ..............................64 
 
Table 4.11: Descriptive statistics for cephalometric measurements (mm) for  
 individuals within each ancestry group with present third molars .............................65 
 
Table 4.12: Chi-square output for crosstabulation between sex and presence or  
 absence of third molars ...............................................................................................68 
 
Table 4.13: Chi-square output for crosstabulation between age and presence or  
 absence of third molars ...............................................................................................69 
 
Table 4.14: Chi-square output for crosstabulation between ancestry and presence or  
 absence of third molars ...............................................................................................70 
 
Table 4.15: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for females with or  
 without their third molars ...........................................................................................73 
 
Table 4.16: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for males with or  
 without their third molars ...........................................................................................74 
 
Table 4.17: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for African  
 American individuals with or without their third molars ...........................................75 
 
Table 4.18: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for Asian  
 individuals with or without their third molars ............................................................76 
 
Table 4.19: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for European-American  
 individuals with or without their third molars ............................................................77 
 
Table 4.20: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for Hispanic  
 individuals with or without their third molars ............................................................78 
 
Table 4.21: Significance values from non-parametric tests comparing the  
 distribution of each cephalometric measurement for Native American  
 individuals with or without their third molars ............................................................79 
 
Table 4.22: Odds ratios of logistic regression analysis for European-American  
 sample comparing cephalometric measurements and presence/absence  
 of third molars ............................................................................................................82 
v 
 
Table 4.23: Hosmer and Lemeshow test of logistic regression analysis for  
 European-American sample comparing cephalometric measurements  
 and presence/absence of third molars .........................................................................82 
 
Table 4.24: Odds ratios of logistic regression analysis for European-American  
 females sample comparing cephalometric measurements and  
 presence/absence of third molars ...............................................................................82 
 
Table 4.25: Hosmer and Lemeshow test of logistic regression analysis for  
 European-American females sample comparing cephalometric  
 measurements and presence/absence of third molars .................................................83 
 
Table 4.26: Odds ratios of logistic regression analysis for European-American  
 males sample comparing cephalometric measurements and  
 presence/absence of third molars ...............................................................................83 
 
Table 4.27: Hosmer and Lemeshow test of logistic regression analysis for  
 European-American males sample comparing cephalometric  
 measurements and presence/absence of third molars .................................................83 
 
Table 5.1: Frequencies of third molar agenesis for ancestry groups .............................................86 
 
Table 5.2: Frequencies of third molar agenesis for number of molars missing ............................87 
 
Table 5.3: Frequencies of third molar agenesis for maxilla and mandible ...................................87 
 
Table C.1.1: Processing summary for chi-square analysis testing for significant  
 difference between presence or absence of third molar and an individual’s sex ....131 
 
Table C.1.2: Crosstabulation for chi-square analysis testing for significant  
 difference between presence or absence of third molar and an individual’s sex ....131 
 
Table C.1.3: Pearson chi-square results for chi-square analysis testing for significant  
 difference between presence or absence of third molar and an individual’s sex ....131 
 
Table C.2.1: Processing summary for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s age .....................133 
 
Table C.2.2: Crosstabulation for chi-square analysis testing for significant difference  
 between presence or absence of third molar and an individual’s age .....................133 
 
Table C.2.3: Pearson chi-square results for chi-square analysis testing for significant  
 difference between presence or absence of third molar and an individual’s age ....133 
 
Table C.3.1: Processing summary for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s ancestry .............135 
vi 
 
Table C.3.2: Crosstabulation for chi-square analysis testing for significant difference  
 between presence or absence of third molar and an individual’s ancestry .............135 
 
Table C.3.3: Pearson chi-square results for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s ancestry .............135 
 
 
  
vii 
 
 
 
 
 
 
LIST OF FIGURES 
 
Figure 2.1: Atlas of human tooth development and eruption .........................................................10 
 
Figure 3.1: Example of de-identified panoramic radiograph .........................................................39 
 
Figure 3.2: Diagram of landmarks for cephalometrics (Park et al. 2012) ......................................44 
 
Figure 4.1: Bar chart presenting number of cases within each sex with present or absent  
 third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s sex ........................................68 
 
Figure 4.2: Bar chart presenting number of cases within each age with present or absent  
 third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s age ........................................69 
 
Figure 4.3: Bar chart presenting number of cases within each ancestry with present or absent 
third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s ancestry ................................70 
 
Figure A.1: Clustered boxplot for groups of cases using CO-GN as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar ........103 
 
Figure A.2: Clustered boxplot for groups of cases using CO-GO as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar by 
ancestry .....................................................................................................................104 
 
Figure A.3: Clustered boxplot for groups of cases using CO-SS as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar ........105 
 
Figure A.4: Clustered boxplot for groups of cases using AO-BO as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar ........106 
 
Figure A.5: Clustered boxplot for groups of cases using AFH as the variable, sex as the  
 category, and defining the clusters by presence or absence of the third molar ........107 
 
Figure A.6: Clustered boxplot for groups of cases using SPA-PG as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar ........108 
 
Figure A.7: Clustered boxplot for groups of cases using PFH as the variable, sex as the  
 category, and defining the clusters by presence or absence of the third molar ........109 
viii 
 
 
Figure A.8: Clustered boxplot for groups of cases using CO-GN as the variable,  
 ancestry as the category, and defining the clusters by presence or absence  
 of the third molar ......................................................................................................110 
 
Figure A.9: Clustered boxplot for groups of cases using CO-GO as the variable,  
 ancestry as the category, and defining the clusters by presence or absence  
 of the third molar ......................................................................................................111 
 
Figure A.10: Clustered boxplot for groups of cases using CO-SS as the variable,  
  ancestry as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................112 
 
Figure A.11: Clustered boxplot for groups of cases using AO-BO as the variable,  
  ancestry as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................113 
 
Figure A.12: Clustered boxplot for groups of cases using AFH as the variable,  
  ancestry as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................114 
 
Figure A.13: Clustered boxplot for groups of cases using SPA-PG as the variable,  
  ancestry as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................115 
 
Figure A.14: Clustered boxplot for groups of cases using PFH as the variable,  
  ancestry as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................116 
 
Figure A.15: Clustered boxplot for groups of cases using CO-GN as the variable,  
  age as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................117 
 
Figure A.16: Clustered boxplot for groups of cases using CO-GO as the variable,  
  age as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................118 
 
Figure A.17: Clustered boxplot for groups of cases using CO-SS as the variable, 
  age as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................119 
 
Figure A.18: Clustered boxplot for groups of cases using AO-BO as the variable,  
  age as the category, and defining the clusters by presence or absence  
  of the third molar ...................................................................................................120 
 
 
ix 
 
Figure A.19: Clustered boxplot for groups of cases using AFH as the variable, 
 age as the category, and defining the clusters by presence or absence  
 of the third molar ...................................................................................................121 
 
Figure A.20: Clustered boxplot for groups of cases using SPA-PG as the variable,  
 age as the category, and defining the clusters by presence or absence  
 of the third molar ...................................................................................................122 
 
Figure A.21: Clustered boxplot for groups of cases using PFH as the variable,  
 age as the category, and defining the clusters by presence or absence  
 of the third molar ...................................................................................................123 
 
Figure B.1: Clustered boxplot for groups of cases using CO-GN as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................124 
 
Figure B.2: Clustered boxplot for groups of cases using CO-GO as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................125 
 
Figure B.3: Clustered boxplot for groups of cases using CO-SS as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................126 
 
Figure B.4: Clustered boxplot for groups of cases using AO-BO as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................127 
 
Figure B.5: Clustered boxplot for groups of cases using AFH as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................128 
 
Figure B.6: Clustered boxplot for groups of cases using SPA-PG as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................129 
 
Figure B.7: Clustered boxplot for groups of cases using CO-GN as the variable,  
 age as the category and defining the clusters by the number of  
 third molars present ..................................................................................................130 
 
Figure C.1: Bar chart presenting number of cases within each sex with present or absent  
 third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s sex .....................................132 
 
 
 
x 
 
Figure C.2: Bar chart presenting number of cases within each age with present or absent  
 third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s age .....................................134 
 
Figure C.3: Bar chart presenting number of cases within each ancestry with present or absent 
third molars from chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s ancestry .............................136  
xi 
 
 
 
 
 
 
ABSTRACT 
 
The frequency with which individuals do not develop their third molars, or wisdom teeth, 
is increasing worldwide. This current topic of human evolution is relevant to the research of 
anthropologists, geneticists, dentists, and other researchers involved in the study of human 
dentition. Many explanations have been offered to account for the prevalence of molar agenesis 
including, evolutionary, environmental, and genetic theories. The purpose of this research project 
is to determine the frequency of third molar agenesis and investigate the relationship between 
third molar agenesis and maxillomandibular jaw dimensions in a sample of orthodontic patients. 
This research tests the hypotheses that: H1: Individuals with agenesis of third molars will be 
significantly different in maxillomandibular dimensions than individuals without agenesis, H2: 
The agenesis of maxillary third molars is associated with the anteroposterior dimensions of the 
maxilla, and H3: The agenesis of mandibular third molars is not associated with the 
anteroposterior dimensions of the mandible. Therefore, the null hypothesis for this research is 
H0: An individual’s sex and the presence/absence of the third molar are independent. The sample 
for this research project includes 543 individuals from the University of New Mexico’s Maxwell 
Museum of Anthropology Orthodontics Case File System. This study examines panoramic 
radiographs of the dentition for each individual to ascertain whether any of the third molars was 
congenitally absent, and records the cephalometric measurements for each case for statistical 
analysis. This study uses descriptive statistics, crosstabulation analysis, chi-square tests, non-
xii 
 
parametric Kruskal-Wallis tests, and logistic regression analysis to investigate any associations 
between third molar agenesis and maxillomandibular jaw dimensions.  
The results show that Native Americans (9.2%), Hispanics (8.46%), and European 
Americans (8.37%) have a higher frequency of third molar agenesis than African Americans 
(0.17%) and Asians (0.17%). This finding is consistent with the published body of work on third 
molar agenesis, in spite of the small sample sizes for diverse populations. There is a significant 
difference in the number of molars missing among groups. For the present study, based on 
crosstabulation analysis, most individuals are missing two molars (34.9%), followed by one 
absent (31.7%), a lack of four molars (25.3%), and finally a lack of 3 molars (7.9%). Individuals 
with third molar agenesis are nearly twice as likely to be missing a molar from the mandible 
(62.8%) than the maxilla (36.9%).  
This study uses crosstabulation analysis, chi-square analysis, non-parametric Kruskal-
Wallis tests, and logistic regression analysis to assess the association between third molar 
agenesis and measurements of the dental arcade. This study did not find an association between 
an individual’s maxillomandibular dimensions and third molar agenesis. Therefore, this study 
did not find support for the hypothesis that individuals with third molar agenesis would have 
smaller maxillomandibular dimensions than individuals without agenesis. Based on the findings 
of this study, an association between the size of an individual’s mouth and third molar agenesis 
does not exist in the sample analyzed. Third molar agenesis is not occurring due to a lack of 
room in the mouth, but possibly results from heredity. Therefore, it may be more likely that 
genetic variation influences third molar agenesis, rather than an evolutionary change in diet. 
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CHAPTER ONE: 
INTRODUCTION 
 
A current research topic in modern human evolution is the increasing frequency with 
which individuals do not develop their third molars, or wisdom teeth, a condition called “M3 
agenesis”, or hypodontia (Celikoglu and Kamak 2012, Haga et al. 2013, Raloti et al 2013, Alam 
et al 2014, Carter and Worthington 2015, Esan and Schepartz 2016, Sanpei et al 2016, and Sujon 
et al 2016). Molar agenesis occurs when third molar dental crypts, the spaces in bone for a tooth 
to develop, fail to form in the dental arches. Agenesis of the third molars is unlike cases where 
the third molar fails to erupt or remains impacted within the jaw (Carter and Worthington 2015). 
It is also different from the dental or surgical removal of third molars. Many individuals have 
their third molars removed for orthodontic purposes. When third molars erupt, they exert forces 
on the adjacent teeth that can cause crowding and malocclusion (Celikoglu and Kamak 2012).  
A number of explanations are offered to account for the prevalence of molar agenesis 
including, evolutionary, environmental and genetic theories (Anderson et al. 1975, Bailit and 
Friedlaender 1966, Brace 1963, Smith 1982, Calcagno and Gibson 1988, Vastardis 2000, Lidral 
and Reising 2002, Nieminen 2009, Haga et al. 2013, and Alam et al 2014). Most commonly, 
anthropologists using evolutionary theory have pointed to problems with crowding among the 
anterior teeth as the primary reason for a higher incidence of third molar agenesis (Anderson 
1975). Simply, individuals with less room in their mouths are unable to develop third molars; 
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therefore, individuals with smaller mouths should have a higher frequency of agenesis. 
Observations on the reduction of cranial size among modern humans are offered as one line of 
evidence (Tavajohi-Kermani et al. 2002 and Kajii et al. 2004). 
Most of the foundational research on third molar agenesis focuses on developing 
standards for tooth mineralization and eruption, and understanding the population variability of 
tooth development and eruption (AlQahtani et al. 2010, Tompkins 1996, Harris and McKee 
1990, Harris 2002, Krumholt et al. 1971, Fanning 1962, Hassanali 1985, Chagula 1960, Garn et 
al. 1961, Garn et al. 1963, Garn et al. 1972, and Garn et al. 1973). In this body of work, 
researchers conducted radiographic surveys and clinical observations to understand third molar 
development (Daito et al. 1992, Gravely 1965). These tooth development and eruption studies 
are important because certain populations have advanced or delayed tooth development, which 
influences the presence or absence of third molars.  
Later, researchers analyzed the factors affecting agenesis of the third molar tooth, 
including anterior crowding, dental impactions, and skeletal malocclusion patters (Alam et al. 
2014, Raloti et al. 2013, and Celikoglu and Kamak 2012). Research also focused on the 
differences in sexual dimorphism in agenesis and the influence of third molar agenesis on the 
crowding, eruption, and development of other teeth (Alam et al. 2014, Levesque et al. 1981, 
Esan and Schepartz 2016, and Sanpei et al. 2016). A few studies have focused on the existence 
of a genetic component to third molar agenesis (Vastardis 2000, Nieminen 2009, and Haga et al. 
2013). Evidence in molecular genetics supports the argument that mutations in the transcription 
factor genes MSX1 and PAX9 prompt tooth agenesis (Lidral and Reising 2002). Population 
specific research is used to compare the incidence of third molar agenesis in different human 
populations (Nanda 1954, Brothwell et al. 1963, and Haaviko 1971). The trait is nearly universal, 
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but differs greatly in frequency, such as among populations in Alaska, Texas, Ancient Greece, 
Egypt, and Nubia, Canary Islands, Brazil, Australia, Singapore, China, South Korea, Japan, and 
others (Goldstein 1932, Goldstein 1948, Angel 1944, Greene 1972, Crispim et al. 1972, Lynham 
1989, Bermudez de Castro 1989, Mok and Ho 1996, Haga et al. 2013, and Kajii et al. 2004). 
These studies communicate differences in rates of third molar agenesis across populations. These 
studies argue the differences are due to variances in culture, diet, jaw size, and genetic history.  
In a worldwide agenesis study, Carter and Worthington (2015) reviewed 92 studies in 
different regions of the world to provide a global map of third molar agenesis frequencies. Carter 
and Worthington (2015) report third molar agenesis has a global frequency of 22.63%. The 
incidence of M3 agenesis is lowest in African populations and highest in Asian populations. The 
frequencies of third molar agenesis for European, North American, and South American 
populations lie somewhere in between African and Asian populations. The most common form 
of third molar agenesis is a single missing third molar. It is less common to be missing two or 
more molars. Females are slightly more likely to be missing an M3 than men.  
Overall, the body of work on this topic can be summarized into two main hypotheses. 
First, the biocultural hypothesis states third molar agenesis is the result of selection reducing the 
size of human dentition (Anderson 1975, Anderson 1982, Calcagno 1989, and Smith 1982). 
Many researchers argue that third molar agenesis results from human dentofacial degeneration 
over the past 5,000 years (Brace 1963, Calcagno 1988, and Bailit and Freidlaender 1966). Fossil 
records show that Pleistocene human ancestors rarely had malocclusions due to dental crowding 
(Brace 1963 and Brace and Mahler 1971). The development of human jaws and teeth began 
within a context where people lived hunter-gatherer lifestyles with a diet high in tough foods and 
sand or grit due to cooking methods. In contrast, crowding of the dentition and malocclusions are 
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common in Holocene human ancestors, who adopted agricultural subsistence (Gibson and 
Calcagno 1993). Agriculturalists do not eat as many tough foods; they eat a large fraction of soft, 
processed plants, nuts, and meats. Studies of hominin evolution show that an individual’s diet 
can greatly influences the size of modern human jaws and teeth (Waugh 1937 and Y’Edynak 
1978). Researchers argue that the development of the jaw is plastic, and a reduction of the forces 
exerted on the dentition during early childhood can alter the developmental trajectory of the 
mandible and maxilla (Macho and Moggi-Cecchi 1992). If the jaws do not develop to a large 
enough size, the teeth will be overcrowded, and the last teeth to initiate development, the third 
molars, may not form at all (Raloti 2013). Vastardis (2000) argues that humans will eventually 
stop developing their third molars, and instead have a dental formula of one incisor, one canine, 
one premolar, and two molars per quadrant.  
The second hypothesis is the developmental hypothesis, which argues that delayed tooth 
development causes agenesis of the third molar. Researchers argue that ancestry can influence 
rates of dental development. For example, people of African ancestry show earlier mineralization 
and eruption times for the permanent teeth than European populations, especially in the later 
forming teeth such as third molars (Garn et al. 1972, Krumholt et al. 1972, Garn et al. 1973, 
Hassanali 1981, and Harris and McKee 1990). This hypothesis explains the observed variation 
among modern populations.  Among African populations, the frequency of agenesis is low 
because of the advanced emergence of permanent teeth, providing ample room for the third 
molars to develop and erupt into the dental arches. Alternatively, in European populations, teeth 
develop at a slower rate. Due to the delayed emergence of the permanent teeth, there is no longer 
enough room for the third molars to emerge. According to this hypothesis, in populations with a 
high rate of agenesis, the third molars became significantly smaller over time, in order to fit into 
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the mouth, until they no longer developed at all. The relationship between third molar agenesis 
and reduced tooth size supports the second developmental hypothesis, but attributes the 
reduction in maxillary and mandibular size to genetics, rather than diet (Anderson 1975 and 
Nieminen 2009). 
If only about 22% of individuals worldwide have third molar agenesis, is it possible to 
predict whether an individual will have agenesis of the third molar or not based on size (Carter 
and Worthington 2015)? Scholars argue that changes in maxillary length correlate with a greater 
chance of third molar agenesis (Kajii et al. 2004 and Tavajohi-Kermani et al. 2002). 
Accordingly, individuals with small maxillae or mandibles are more likely to exhibit agenesis of 
the third molars.  
The primary research objective of this project is to analyze the frequency of third molar 
agenesis for modern populations and determine an association between having agenesis of the 
third molar and the size of an individual’s mouth using measurements of the maxilla and 
mandible. This work focuses on a diverse sample from the University of New Mexico’s Maxwell 
Museum of Anthropology Orthodontics Case File System. The research uses cephalometrics and 
panoramic radiographs from a sample of five hundred and thirty-four individuals (n= 534) 
collected by Dr. James Economides, an orthodontist from Albuquerque, New Mexico. The 
results are compared to the frequencies of agenesis of similar populations to gain insight into 
patterns of modern human variation. In addition, the results are compared to previous studies that 
use cephalometrics to predict third molar agenesis. 
 
 
 
6 
 
Applied Anthropological Research 
Third molar agenesis is a fascinating example of a recent biological change in human 
populations and offers a tool for applied anthropological research in three primary ways. First, 
this research is relevant to practicing dentists and orthodontists, who advise individuals on their 
oral health and inform individuals as to the consequences of extractions and other dental 
modifications as the mouth develops and grows (Nanda 1954, Garn et al. 1963, Gravely 1965, 
Haaviko 1971, Garn et al. 1972, Garn et al 1973, Levesque et al. 1981, Lynham 1989, Daito et al 
1992, Mok and Ho 1996, Shapira 2000, Vastardis 2000, Lidral and Reising 2002, Tavajohi-
Kermani et al. 2002, Vieira 2003, Kajii et al 2004, Celikoglu and Kamak 2012, Raloti et al 2013, 
Carter and Worthington 2015, Sujon 2016, Sanpei et al. 2016). Second, this research is pertinent 
to paleoanthropology and understanding evolutionary theory among modern humans (Goldstein 
1932, Goldstein 1948, Garn et al. 1961, Garn et al. 1963, Fanning 1962, Crispim et al. 1972, 
Anderson et al. 1975, Anderson et al. 1978, Anderson and Popovich 1982, and Bermudez de 
Castro 1989). Third molar agenesis has been a measure to reconstruct past human evolution 
(Brace 1963, Bailit and Friedlaender 1966, Brace and Mahler 1971, Lavelle and Moore 1973, 
Smith 1984, Calcagno and Gibson 1988, Calcagno 1989, Macho and Moggi-Cecchi 1992, and 
Gibson and Calcagno 1993). Third, this research contributes to the field of forensic anthropology 
in an important way. The identification of human remains frequently relies on dental 
development, to estimate age and to match unknown and missing persons on dental patterns.  
Therefore, a better understanding about the frequency and cause of agenesis of various ancestral 
populations will improve the chance of a positive identification (Mincer et al. 1993). By 
analyzing this contemporary sample, the outcome of this research adds to our understanding 
about variation in human growth and development and dental evolution.  
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CHAPTER TWO: 
LITERATURE REVIEW 
 
This chapter covers the current literature on third molar agenesis, or hypodontia, in 
humans, focusing on the development of human dentition, non-human, prehistoric and historic 
human populations, population studies, and congenital illness and associated variations. In 
addition, this chapter addresses the evolution of third molar agenesis, specifically the biocultural 
hypothesis, the developmental hypothesis, and the genetics of third molar agenesis.  
Why are humans losing their third molars? Human populations experienced a reduction 
in tooth and jaw size over the past 40,000 years (Calcagno 1988:505). Researchers observed a 
trend in retraction of prognathism with a reduction in the size and form of the teeth (Anderson 
1975:95). Human ancestors possessed larger jaws, which suggests there was more room in their 
mouths for all 32 permanent teeth, including third molars (Raloti 2013:38). Modern human 
mouths are comparatively smaller. Researchers argue this to be the reason 22% of modern 
humans present with third molar agenesis (Raloti 2013, Vastardis 2000 and Nieminen 2009). 
Reduction in tooth and jaw size has led to an evolutionary trend toward loss of the third molar 
(Anderson 1975:95). Agenesis of the third molar reflects phenotypic plasticity and informs the 
evolutionary trends in modern humans. Additionally, third molar agenesis is associated with 
dental numeric and structural variations. For example, when a third molar is absent, agenesis of 
the remaining teeth is 13 times more likely to occur (Vastardis 2000:650). Darwin believed that 
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third molars are “decadent teeth which have a tendency to become vestigial in more civilize 
races of man” and will eventually be lost (Nanda 1954:698). However, some critics disagreed 
with Darwin. These critics argued the third molar would not disappear and the gene frequency 
responsible for the presence of third molars would remain relatively constant, although in certain 
racial groups it would be higher than others (Nanda 1954: 698). The following sections will 
discuss the reasons why humans are losing their third molars, but first it is necessary to review 
the development of human dentition to understand the mechanisms behind agenesis.  
 
Development of Human Dentition 
Tooth development starts around six weeks after conception. The dental lamina, which is 
a sheet of epithelial cells in the developing maxillary and mandibular arches, differentiates and 
gives rise to 20 enamel organs. These enamel organs will become the 20 deciduous teeth (Harris 
2002). The permanent molars have no deciduous predecessors and develop from the distal aspect 
of the dental lamina. Independently, each enamel organ develops through characteristic stages 
known as bud, cap, and bell. In the bud stage, the enamel organs begin to merge and form a 
rounded contour. In the cap stage, the enamel organs continue to grow and develop a concave 
shape at the leading edge. Final morphogenesis occurs at the bell stage, the shape of the tooth is 
determined based on its class (Bath-Balogh and Fehrenbach 1997). During the third or fourth 
month of fetus development, mineralization occurs through the deposition of dentin and enamel. 
The tooth mineralizes first from the cusps of the crown down to the apex of the root. The process 
of tooth eruption begins once a third of root formation is complete. The periodontal ligament 
pulls the tooth into the oral cavity allowing the full extent of the root to form, and the 
proliferation of bone, pulp, fluid, and other soft tissues underneath the tooth (Avery 2000). 
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 The deciduous dentition first emerges around 6-8 months after birth and continues until 
around 2.5 years of age (AlQahtani et al 2010). The first permanent tooth descends around 6 
years of age. The emergence of the permanent dentition continues during a period of mixed 
dentition, when permanent teeth replace the deciduous teeth, until finally the third molar 
descends around 16.5 years of age (AlQahtani et al 2010). The advancing permanent teeth cause 
the shedding of the deciduous teeth by dissolving their roots.  
The third molars are the last teeth to form and erupt. About a year’s difference separates 
the completion of the first molar’s crown and the initial mineralization in the second molar. A 
longer interval exists between completion of the second molar crown and calcification of the 
third molar (Avery, 2000). Third molar crypt formation begins at three to four years of age. 
Third molar calcification starts at 7 to 10 years of age, and calcification of the third molar crown 
finishes at 12 to 16 years of age. Finally, eruption of the third molar begins at 17 to 21 years of 
age (AlQahtani et al 2010). It is important to take into account the variation in timing of the 
development and eruption of the third molar in comparison to the rest of the permanent dentition 
when conducting comparative studies on third molar agenesis. The passages below discuss 
studies covering the differences in third molar agenesis between sexes, ancestral populations, and 
geographical areas. 
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Figure 2.1: Atlas of human tooth development and eruption. 
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Population Studies 
Comparison studies are extremely prevalent in the literature regarding third molar 
agenesis. These comparison studies frequently contrast the differences between third molar 
presence/absence, including differences between sexes, differences between maxilla and 
mandible, and the association of third molar presence/absence with other dental anomalies 
(Sujon 2016:2). To compare, researchers often separate their sample group into subgroups 
according to the patterns of third molar agenesis present within the group.  
The data available regarding third molar agenesis comes from populations around the 
world. The global rate of third molar agenesis is 22.63% (Carter and Worthington 2015:889). 
Asian populations have the highest rates of agenesis (29.71%), while African populations have 
the lowest rates (5.74%) (Carter and Worthington 2015:890). European (21.60%), South 
American (18.19%), and North American (17.88%) populations express significantly lower 
frequencies of third molar agenesis than Asians (Carter and Worthington 2015:890). Individuals 
are significantly more likely to have one (8.44%) or two (7.79%) third molars missing than three 
(2.53%) or four (3.42%) third molars missing (Carter and Worthington 2015 and Celikoglu, 
2012). Women are 14.02% more likely to exhibit agenesis of at least one third molar (Carter and 
Worthington 2015, Raloti 2013, Anderson 1975, and Sujon 2016). The chance of agenesis of at 
least one third molar is 35.97% higher for the maxilla than the mandible (Carter and Worthington 
2015, Raloti 2013, Sujon 2016, Celikoglu, and Alam 2014). However, an older study argues 
third molar agenesis is more likely to occur in the mandible more often than in the maxilla in 
White populations (Nanda 1954:700). Nanda (1954) used a small sample (n = 200) of Boston 
females, but the findings are consistent with other studies (Goldstein 1948, Garn et al. 1963, 
Haaviko 1971). In the maxilla, third molars were more often absent on the right side (Nanda 
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1954, Raloti 2013, Sujon 2016). The two sides in the mandible show no marked differences 
(Nanda 1954, Sujon 2016). The degree of variation presented by these studies supports the 
argument that different mechanisms are at play in third molar agenesis. Therefore, academics 
should conduct further research to understand these mechanisms. The present study takes into 
account this research to get at the mechanisms that influence third molar agenesis. In addition, 
the present study seeks to find support for a relationship between craniometrics and third molar 
agenesis to see if the size of the mouth controls the presence or absence of third molars.  
 
Table 2.1: Frequency of third molar agenesis by geographic provenience. 
 
 
In North America, a population of Native Americans shows a relatively lower frequency 
of 12.6% third molar agenesis, compared to the average agenesis frequency for North American 
populations given by Carter and Worthington (2015) (Brothwell et al. 1963). A sample of Inuit 
mandibles from Alaska exhibits a high agenesis frequency of 26.6% (Goldstein 1932). For this 
sample, females have a higher frequency of third molar agenesis than males, which is consistent 
with the findings of Carter and Worthington (2015) (Goldstein 1932). There is a greater tendency 
for agenesis to be bilateral than unilateral (Goldstein 1932). Interestingly, more third molars are 
congenitally absent from the left side of the dentition than from the right, which is inconsistent 
with the findings of Carter and Worthington (2015) (Goldstein 1932). Goldstein’s (1948) sample 
Author (s) and Year Population Frequency of M3 Agenesis
Carter and Worthington, 2015 Global 22.63%
Carter and Worthington, 2015 Asian 29.71%
Carter and Worthington, 2015 African 5.74%
Carter and Worthington, 2015 European 21.60%
Carter and Worthington, 2015 South American 18.19%
Carter and Worthington, 2015 North American 17.88%
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of proto-historic American Indian skulls from Texas exhibits a higher frequency of third molar 
agenesis in females (21.5% of 79 individuals) than in males (18.1% of 94 individuals). Again, 
these findings are similar to the average agenesis frequency for North American populations 
identified by Carter and Worthington (2015). Goldstein (1948) also notes that third molars are 
more likely to be congenitally absent in the mandible than in the maxilla, which is opposite the 
findings of Carter and Worthington (2015). A southwestern Ohio White sample exhibits an 
agenesis frequency of 16.4% (Garn et al., 1963). The author radiographically examined children 
over 14 years old for the presence of third molars (Garn et al., 1963). In this study, congenital 
absence of the third molar is more frequent in the mandible than in the maxilla and there is no 
significant side difference, which is different from the findings of Carter and Worthington (2015) 
(Garn et al., 1963). Additionally, females have higher frequencies of third molar agenesis than 
males (Garn et al., 1963). Anderson and Popovich (1982) find a frequency of 20.2% third molar 
agenesis in a sample of Canadian children, which is similar to the average frequency of agenesis 
provided for North American populations by Carter and Worthington (2015). In sum, the 
frequencies of agenesis identified by these studies on North American populations are similar to 
the average frequency of agenesis for North American populations recognized by Carter and 
Worthington (2015). However, the frequencies given by each study varies due to the study’s 
sample size. Conversely, some studies argue that agenesis is more likely in the mandible than in 
the maxilla, which is in conflict with the findings of Carter and Worthington (2015). The 
conflicting findings are likely due to sample size and geographic provenience of the sample. 
These studies are informative for the present study because the study sample comes from 
Southwestern North America with individuals that identify as European-American and Native 
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American. The present study uses the frequencies of agenesis recorded by past studies to assess 
the representativeness of the sample. 
Table 2.2: Frequency of third molar agenesis from previous studies. 
  
Group Sample Size
% Individuals With At 
Least One Congentitally 
Absent M3 Author(s) and Year
Prehistoric and Historic
Neanderthal 28 0 Brothwell (1963)
Upper Paleolithic France 34 11.8 Brothwell (1963)
Mesolithic Europe and N. Africa 53 1.9 Brothwell (1963)
Neolithic Sweden 134 mand 14.2 Brothwell (1963)
Neolithic NW Europe 156 16.7 Brothwell (1963)
Neolithic-Medieval Greece 278 20.5 Angel (1944)
Prehistoric Canary Islands 3210 9.3 Bermudez de Castro (1989)
Prehistoric Texas 173 19.5 Goldstein (1948)
Predynastic Egypt 156 12.2 Ruffer (1920)
Medieval England 100 max 12 Sengupta et al. (1999)
Victorian England 100 max 22 Sengupta et al. (1999)
European Ancestry
Boston Females 200 9 Nanda (1954)
Pittsburgh Adolescents 1016 8.8 Tavajohi-Kermani et al. (2002)
SW Ohio Young Adults 476 16.4 Garn et al. (1963)
Canada Adolescents 218 20.2 Anderson and Popovich (1982)
England 185 mand 24.3 Brothwell (1963)
Bristol, England 100 21 Sengupta et al. (1999)
England Children and Adolescents 550 14.0-15.0 Gravely (1965)
Finland Adolescents 298 20.8 Haaviko (1971)
Sweden 1064 25 Grahnen (1956)
Estonia Schoolchildren 392 17.3 Peltola et al. (1997)
Turkey 1046 22.7 Celikoglu and Kamak, 2012
Israel Down Syndrome Patients 34 58.8 Shapira et al., 2000
Australia Males 535 23.4 Lynham (1989)
Australia Females 127 19.6 Lynham (1989)
African Ancestry
East Africa Males 188 1.93 Chagula, 1960
West Africa 163 2.5 Brothwell (1963)
America 119 11.8 Hellman (1928)
England 1000 24.7 Lavelle and Moore (1973)
South African Males 535 8.4 Esan and Schepartz, 2016
Brazil Trihybrid Males 490 8 Crispim et al. (1972)
Asian Ancestry
China 118 32.2 Brothwell (1963)
Singapore Adolescents 786 28.5 Mok and Ho (1996)
Japan 11,880 51.1 Daito et al. (1992)
Japan 391 30.3 Kajii et al., 2004
Japan 1,188 22.05 Sanpei et al., 2016
India 5,923 38.4 Sujon et al., 2016
India 350 22.9 Raloti et al., 2013
Burma 100 11 Brothwell (1963)
Alaska Inuit 759 mand 26.6 Goldstein (1932)
SW Greenland Inuit 210 29.5 Hellman (1928)
15 
 
Anderson and colleagues (1978) conduct a longitudinal study using a sample of White 
Canadian children to compare growth rates and third molar agenesis. The study finds that pre-
adolescent height and weight gain for all children in the sample is normal. However, the 
increments of height growth decrease in males with third molar agenesis. Overall, the children 
with third molar agenesis have less adolescent pre-peak gain in height and weight. While 
maximum increments of growth in height occur between ages 13 and 14 in all males, in those 
with third molar agenesis the mean age of maximum increment was 14.0 years, which is 
significantly later than unaffected males at 13.3 years old (Anderson et al. 1978). Females with 
third molar agenesis also show a delay in attainment of maximum height increment, but it is not 
statistically significant. Both males and females with third molar agenesis also show a delay 
averaging one year in attainment of maximum weight compared to their unaffected peers. 
However, males and females show greater increments of post peak height and weight gain 
compared to the normal population. Taken with the comparatively lower frequencies of gain in 
pre-adolescence, this accounts for all the children being of about the same height and weight at 
the end of their growth periods (Anderson et al 1978). This study is informative to the present 
study because it illustrates how growth and development affect the presence/absence of third 
molars. Additionally, this research provides support for the current study’s hypothesis that 
individuals with underdeveloped maxillae and mandibles will have third molar agenesis. 
Tavajohi-Kermani and colleagues (2002) find a frequency of 8.8% third molar agenesis 
in a sample of Pittsburg adolescent orthodontic patients (n=1,016), which is within the 
frequencies of agenesis for North American populations reported by Carter and Worthington 
(2015). After comparing the frequency of third molar agenesis with craniofacial morphology of 
the individuals, the study finds that decreased maxillary jaw size and maxillary tooth agenesis 
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are generally associated (Tavajohi-Kermani et al. 2002). This study supports the hypothesis of 
the present study that decreased size of the mouth leads to third molar agenesis. In addition, 
Tavajohi-Kermani et al. (2002) supports the present study’s proposition that it is possible to 
predict the presence or absence of third molars based on the size of the mouth. 
In South America, Crispim and coworkers (1972) conduct a study of a trihybrid Brazilian 
population whose racial character is 30% Black, 60% White, and 10% American Indian. About 
8.0% of individuals exhibit third molar agenesis, which is within the reported frequencies for 
Whites (Crispim et al. 1972, Carter and Worthington 2015). The authors divided the sample into 
groups according to “White” and “Black” individuals, but found no significant differences 
between them in terms of third molar agenesis (Crispim et al. 1972). The authors consider that 
the previous studies are in error and that there is not much difference between White and Black 
frequency of third molar agenesis (Crispim et al. 1972). However, the authors also consider that 
admixture has gone sufficiently far in this population to assure that even those who look 
extremely different phenotypically have a large number of genes in common (Crispim et al. 
1972). Crispim et al. (1972) informs the present study because the study sample includes 
individuals that identify as having mixed ancestry. In addition, Crispim et al. (1972) shows how 
comparisons of ancestry can be difficult due to vague definitions of “White” and “Black”.  
In Europe, Gravely (1965) radiographically identifies a frequency of third molar agenesis 
of 14-15% in a sample of British children. Haaviko (1971) finds a frequency of 20.8% in a 
sample of Finnish children with no significant sex difference, which is contradictory with Carter 
and Worthington (2015). Interestingly, Haaviko (1971) also finds a higher frequency of third 
molar agenesis in the mandible than in the maxilla, which is contradictory with Carter and 
Worthington (2015). These contradictory results are possibly due to sample size and the 
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geographic provenience of the sample. Lynham (1989) finds a frequency of third molar agenesis 
of 22.7% in a sample of Australian army recruits. A sample from medieval Belgium has a third 
molar agenesis frequency of 7.4% (Brothwell et al. 1963). Another English population has a 
frequency of 24.3%, though this study includes only mandibles (Brothwell et al. 1963). Sengupta 
and coworkers (1999) find a third molar agenesis frequency of 22.0% in a Victorian British 
sample and a 21.0% frequency of third molar agenesis for a modern White population from 
Bristol. The frequencies of agenesis of the previously mentioned studies are within the range of 
agenesis frequencies provided by the meta-analysis from Carter and Worthington (2015). These 
studies on European populations inform the present study because the study sample includes 
individuals with European or “white” ancestry. The present study uses the frequencies of 
agenesis recorded by past studies to assess the representativeness of the sample. 
In Asia, Mok and Ho (1996) find a third molar agenesis frequency of 28.5% in a sample 
of 786 Singaporean Chinese adolescents. Additionally, Mok and Ho find significantly more third 
molars congenitally absent in the maxilla than the mandible, which is consistent with the meta-
analysis provided by Carter and Worthington (2015). Researchers using a Chinese sample of 118 
individual find a slightly higher frequency of third molar agenesis (32.2%) (Brothwell et al. 
1963). A study of 100 Burmese individuals finds a frequency of 11% for third molar agenesis 
(Brothwell, 1963). An East Asian study conducted by Daito and colleagues (1992) finds a much 
higher frequency of 51.1% third molar agenesis in their large (n=11,880) sample from Japan. In 
this study, the frequency of third molar agenesis was higher in females than in males, and higher 
in the maxilla than in the mandible, which is consistent with the meta-analysis provided by 
Carter and Worthington (2015). The studies mentioned above inform the current study because 
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the study sample includes individuals of Asian ancestry. The present study uses the frequencies 
of agenesis recorded by past studies to assess the representativeness of the sample. 
Kajii and colleagues (2004) determine a correlation between congenitally missing third 
molar tooth germs and sagittal maxillomandibular jaw dimensions in a sample of Japanese 
orthodontic patients. The frequency of the maxillary third molar agenesis significantly increases 
with decreasing maxillary dimensions. The frequency of the mandibular third molar agenesis 
also increases with decreasing maxillary dimensions. There was no significant correlation 
between mandible size and mandibular third molar agenesis. Therefore, agenesis of third molar 
germs does not depend on anteroposterior dimensions of the mandible, but depends on 
anteroposterior dimensions of the maxilla in Japanese orthodontic patients. Kajii et al. (2004) 
connects to the present study because it provides support that a relationship exists between third 
molar agenesis and maxilla size. Additionally, the results of the Kajii et al. (2004) study are 
comparable to the results of the Tavajohi-Kermani et al. (2002) study on Pittsburg adolescent 
orthodontic patients comparing agenesis with craniofacial dimensions. The findings of the two 
studies complement each other because both argue that decreased maxilla size correlates with a 
greater chance of third molar agenesis. These two studies support the proposition of the present 
study that it is possible to predict presence or absence of third molars using the size of the mouth. 
In Africa, Chagula’s (1960) study on an East African population of young men shows a 
low frequency of third molar agenesis (1.9%) and advanced eruption of the third molars. Whites, 
whose frequency of agenesis is higher, show a later eruption of third molars (Chagula 1960). 
Other studies of peoples from West Africa find a range of 0-4.4% for third molar agenesis 
(Chagula 1960 and Brothwell 1963). Lavelle and Moore (1973) report a high frequency of 28.2% 
third molar agenesis in a sample of 1,000 people of African descent who immigrated to the 
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United Kingdom. According to the meta-analysis on third molar agenesis by Carter and 
Worthington (2015), this frequency is unusually high for an African population.  Lavelle and 
Moore (1973) finds no difference in the frequency of third molar agenesis between males and 
females or between the maxilla and the mandible. According to the meta-analysis on third molar 
agenesis by Carter and Worthington (2015), third molar agenesis should present more often in 
females than males, and present more often in the maxilla than the mandible. Lavelle and Moore 
(1973) acknowledge their results are unusually high and attribute the disparity to sampling 
differences and error. Additionally, the exaggerated frequencies of agenesis are likely due to 
varying degrees of homogeneity within the various African ethnic groups within the study 
sample (Lavelle and Moore, 1973). Lavelle and Moore (1973) inform the present study because 
the study sample includes individuals of Black ancestry. It is possible that the various ethnic 
groups from which the Black individuals originate will affect the frequency of agenesis for the 
group of Blacks within this study sample  
Overall, Blacks exhibit the lowest frequencies of third molar agenesis, while East Asians 
and the Inuit, who are genetically of Northern Asian stock, exhibit the highest frequencies of 
agenesis (Brothwell 1963, Daito et al. 1992, and Goldstein 1932). Alternatively, the European, 
North American, and South American frequencies of third molar agenesis lie somewhere in 
between these two extremes. The studies covered in this section communicate expected 
differences in rates of agenesis across modern populations. The following sections will discuss 
how the genetic mechanism or selective regime behind agenesis might also differ across 
populations. 
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Non-human, Prehistoric, and Historic Human Populations 
Researchers draw comparisons between the frequency of agenesis in non-human primates 
and humans because of the close biological and evolutionary relationship between them. 
However, non-human primates and modern humans have not shared an evolutionary course for 
millions of years. Therefore, researchers cannot make direct inferences about modern human 
dental agenesis from that of non-human primates. 
Studies concerning non-human primates, hominoids, and Homo sapiens, note how 
humans have decreased prognathism compared to their ancestors. The number of teeth 
diminishes in parallel with these changes in the skeleton. Studies support a relationship between 
tooth and jaw size, the relative and absolute timing of dental calcification and eruption, and the 
frequency of third molar agenesis. Mouths with more space for developing teeth present with 
advanced calcification and eruption schedules and lower frequencies of third molar agenesis 
compared to mouths with more space restrictions (Tompkins 1996:95). Tompkins (1996) 
provides further support for the present study because if lack of space is a factor in third molar 
agenesis, then the size of an individual’s mouth will predict the presence or absence of third 
molars. 
A study by Lavelle and Moore (1973) analyzes the adult dentitions in a sample of 978 
Old World monkeys, 390 great apes, and 194 lesser apes. Frequencies of agenesis are similar 
among the different primates, ranging from 0.0-1.2%, with a higher frequency of agenesis in the 
mandible. In primates, the molar region has the highest frequency of agenesis, followed by the 
premolar and incisor areas. Overall, the great apes have the lowest frequency of agenesis. In fact, 
all the primates have a higher frequency of dental polygenesis or supernumerary teeth. The great 
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apes have the highest frequencies of dental polygenesis at 6.2%, especially in the molar region, 
due to their larger jaws with ample room for more teeth. In humans, tooth agenesis is far more 
common than dental polygenesis. Humans have the highest frequency of agenesis of any primate 
(Bermudez de Castro 1989). 
Why did human mouths decrease in size? Archaeological evidence shows that major 
changes in subsistence technology, such as food preparation methods, influenced a reduction in 
tooth size between the Mousterian and European Upper Paleolithic periods, and a further 
reduction in tooth size between the Mesolithic and European post-Pleistocene periods (Brace 
1963 and Brace 1971). The intensive use of grinding stones on grains and the appearance of 
pottery in the Neolithic creates a substantial reduction in food toughness (Brace and Mahler 
1971).  
Unfortunately, little research exists on third molar agenesis in early hominids. Third 
molar impactions and crowding of the anterior teeth appear in early hominids, such as 
Australopithecus africanus, Australopithecus boisei, “Lucy”, and “Zinjanthropus”, that began to 
subsist off softer diets (Gibson and Calcagno 1993:519). A study of Neanderthal dentition finds 
no third molar agenesis in a sample of 28 specimens (Brothwell et al. 1963). A study including 
English individuals ranging from the Mesolithic to the Bronze Age exhibits a 12% frequency of 
third molar agenesis (Sengupta et al. 1999). In addition, an Upper Paleolithic sample from 
France exhibits an 11.8% third molar agenesis in 34 individuals (Brothwell et al. 1963). A 
Neolithic sample from Sweden, including only by mandibles, exhibits a frequency of 14.2%. 
Alternatively, a sample of French, Belgian and English Neolithic individuals has a 16.7% 
frequency of third molar hypodontia (Brothwell et al. 1963). Angel’s (1944) study of Neolithic to 
medieval Greeks finds a high overall frequency of 20.5% for third molar agenesis. Interestingly, 
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he notes that the congenital absence of all four third molars is the most common pattern of third 
molar agenesis in his sample. This is in contrast to most other studies that find a greater 
frequency of one or two third molars missing (Carter and Worthington 2015). In her study of 
Mesolithic foragers in Yugoslavia, Y’Edynak (1978) finds the functional masticatory dimensions 
of the jaw decrease over time, supporting an evolutionary relationship between diet and size of 
the jaw. Her study includes measurements for bigonial jaw breadth, thickness of the chin, and 
height of the body of the mandible at the canine. Y’Edynak (1978) also finds a reduction of 
cusps on the third molar over time from seven to three. Plainly, these studies on early hominids 
illustrate an increase in the likelihood of third molar agenesis as humans are adjusting to a diet of 
soft, processed foods.  
Clearly, a reduction in the size of the posterior teeth exists from the time of our hominid 
ancestors to the present. The change from a hunter-gatherer subsistence to a diet based on ground 
grains and food cooked in water produced a reduction in food toughness, fibrousness, and 
resistance, which led to a reduction in the role of the teeth in breakdown of foods. Molar wear 
distributes evenly on the molars of hunter-gatherers, resulting in a relatively low wear plane 
angle in advanced wear (Smith 1982 and 1984). Agriculturalists have a more restricted pattern of 
wear and develop oblique wear planes (Smith 1982 and 1984). This difference in wear patterns 
attributes to a reduction in food toughness or fibrousness from the use of grinding stones and 
pottery in food preparation (Smith 1982 and 1984). A change from flat molar wear to a more 
oblique wear pattern is the product of a change in food consistency (Smith 1984:40). Cooking 
pots made possible the reduction of food items to drinkable consistency. As a result, large, strong 
teeth are no longer necessary for survival, leading to dental reduction (Brace 1963 and 1971).  
Therefore, advances in food processing remove the need for a strong masticatory apparatus. As 
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Smith (1982) argues, changes in diet and skeletal robusticity relate to dental reduction, but these 
changes vary with ancestry more than technology. Obviously, there is more to the evolutionary 
trend than diet and tool use. The sections below discuss further the factors affecting third molar 
agenesis and dental reduction. 
Congenital Illness and Associated Variations 
Studies show that agenesis of third molars effects the agenesis of surrounding teeth. 
Individuals with agenesis of maxillary third molars exhibit a significant increase in occurrence of 
agenesis of maxillary lateral incisors, mandibular incisors and maxillary and mandibular second 
premolars (Sanpei 2016:104). In addition, a collection of congenital diseases has hypodontia as a 
symptom. Individuals with ectodermal dysplasia, which involves tissues and structures derived 
from the ectoderm during embryonic development (Jones 1988), may exhibit hypodontia of 
permanent teeth, including the third molars. Ectodermal dysplasia is a component in conditions 
such as Hay-Wells Syndrome, Autosomal Recessive Hypohidrotic Ectodermal Dysplasia 
Syndrome and Chondroectodermal Dysplasia (Jones 1988). Congenital disorders involving 
growth deficiencies, such as Aarskeg Syndrome and JohansonBlizzard Syndrome, often include 
hypodontia as a symptom. Hallerman-Streiff Syndrome, which causes cranial malformation, 
similarly includes hypodontia among its symptoms. Cleft lip and cleft palate, including Van Der 
Woude Syndrome, are also associated with dental agenesis (Jones 1988, Harris 2002, Vieira 
2003). While hypodontia is greatest in the area of the cleft, the tendency for teeth of all classes to 
be congenitally absent is generally higher. Other syndromes associated with hypodontia include 
Osteogenesis Imperfecta Type I, a skeletal disorder, and Incontinentia Pigmenti, a 
dermatological disorder (Jones 1988).  
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Dental agenesis in Down syndrome has been the subject of several studies. A study 
conducted in 1973 finds that 48% of Down syndrome patients experience third molar agenesis 
(Shapira et al. 2000). Shapira and colleagues (2000) find an even higher frequency, with 74% of 
patients experiencing some extent of third molar agenesis. These individuals are more likely to 
be congenitally missing other teeth. Some conditions associated with Trisomy 21, such as 
underdevelopment of the jaw and compromised vascularization and innervation, may be 
responsible for the exacerbation of hypodontia in people with Down syndrome (Shapira et al. 
2000). 
If an individual is congenitally missing a third molar, it is 13 times more likely the 
individual will also be missing other teeth (Garn et al. 1963). The other missing teeth are in all 
probability the maxillary lateral incisors or mandibular second premolars. However, instances 
exist where individuals are missing other incisors, premolars and the second molar. Moreover, 
individuals with a higher degree of third molar agenesis, for example, missing four third molars 
rather than two, are more likely to be missing other teeth (Garn et al. 1963). The only tooth 
almost never missing is the first molar, which is one of the most phenotypically stable teeth in 
the human dentition. 
The present study looks for a relationship between third molar agenesis and the size of 
the mouth, not a relationship with congenital diseases. Therefore, the present study excludes all 
individuals with these congenital illnesses on their medical records because they will influence 
the results of the study.  
Studies also examine individuals for associations between third molar agenesis and 
anterior crowding and different skeletal malocclusion patterns. Several authors document an 
association between changes in the craniofacial skeleton and reduction in jaw width and length 
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without a corresponding decrease in tooth size. This mismatch leads to tooth/jaw incompatibility 
with crowding in the anterior dentition (Esan and Schepartz 2016:1). The commonly used 
Little’s irregularity index measures the amount of dental crowding in the dental arches (Esan and 
Schepartz 2016). Additionally, the anterior-posterior skeletal relationship of the maxilla and 
mandible determines the type of malocclusion pattern. A skeletal Class I malocclusion has minor 
crowding or spacing. A Class II has maxillary protrusion and/or mandibular retrusion. Lastly, a 
Class III has mandibular prognathism and/or maxillary retrusion (Celikoglu 2012:166). 
Impacted third molars can significantly compromised the available space within a mouth, 
which leads to anterior crowding of teeth (Esan and Schepartz 2016:5) Individuals with third 
molar impaction have more severe and extreme levels of crowding when compared to the ideal 
and minimal levels (Esan and Schepartz 2016:5). The erupting third molars push anterior teeth 
forward and cause anterior crowding (Esan and Schepartz 2016:5). Severe anterior crowding can 
lead to dental caries, dental abscess, and, in the worst case, death. Individuals with third molar 
agenesis do not present with dental crowding (Esan and Schepartz 2016:5). Likewise, agenesis of 
third molars significantly relates to maxillary length in both sexes (Anderson 1975:97). Shorter 
maxillary length correlates with a greater chance of third molar agenesis, while greater maxillary 
length correlates with the presence of third molars (Anderson 1975:98). Additionally, problems 
with dental occlusion can have an effect on agenesis of third molars. The percentage of 
individuals with third molar agenesis and a skeletal Class III malocclusion is higher than that of 
individuals with skeletal Class I and Class II malocclusions (Celikoglu 2012). Individuals with 
Class III malocclusions frequently have agenesis of two and four third molars than those with 
Class I and II malocclusions (Celikoglu 2012:168). Thus, the degree of skeletal malocclusions 
influences the chance of third molar agenesis (Celikoglu 2012:168). These results support the 
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hypothesis that factors, such as diet or cultural practices, within a population may select for the 
agenesis of third molars. If the population represented by the study sample is selecting for 
agenesis, then smaller mouths will have a higher frequency of agenesis.  
 
 
Biocultural Hypothesis 
One of the hypotheses that informs the present study is the biocultural hypothesis, which 
is the hypothesis that third molar agenesis relates to selection for a reduced human dentition. As 
stated previously, humans have a predisposition for dental crowding and impaction due to an 
evolutionary trend toward smaller jaw size, or smaller facial skeleton, from the switch to a softer 
diet (Calcagno 1988:512). A high prevalence of anterior crowding exists in Western societies 
and populations undergoing urbanization (Esan and Schepartz 2016:1). Consequently, selection 
works in the direction of smaller teeth and third molar agenesis. Third molars are under the 
heaviest negative selection pressure because they are the last to erupt and most frequently 
impacted (Calcagno 1988:512). Additionally, the absence of third molars frees additional space 
for the remaining teeth without creating developmental gaps between teeth (Calcagno 1988:512). 
The dietary factors affecting tooth and jaw size vary with culture. As a result, selective pressures 
mediating tooth size not only change with time, but also vary among extant populations 
(Calcagno 1988:512). 
When considering the two environmentally disposed processes, dental wear and dental 
growth, it is clear that a change to a softer diet in the absence of any genetic change can create a 
situation in which the teeth are relatively too large for the jaws (Calcagno 1988:512). Under 
conditions of a hard diet producing heavy attrition and demanding heavy masticatory muscle 
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activity, the maxilla and mandible would grow to their optimum size, thus providing sufficient 
room for large teeth (Calcagno 1988:512). However, current human populations subsist on a 
much softer diet of processed foods. A lack of proper bone and muscle stimulation results in 
decreased growth of the jaws. Greene (1972) proposes that dental reduction is an evolutionary 
response to dental caries, which increased due to a nutritionally varied diet. Additionally, Greene 
(1972) posits that reducing the dentition would in turn reduce the frequency of carious lesions. 
In humans, this reduction in dentition often leads to agenesis of the third molars (Macho 
and Moggi-Cecchi 1992:156). In the evolutionary sense, human mouths lose these teeth because 
they provide no selective advantage for the species (Vastardis 2000:652). Many of the third 
molars that are present are diminutive in size, which provides support for the argument that there 
is an evolutionary trend toward decreased size and agenesis of third molars (Nanda 1954:704). 
“Peg shaped” third molars are in association with agenesis of one or more third molars (Nanda 
1954:704). These “peg shaped” third molars are significantly smaller than regular third molars, 
suggesting a causal relationship between diminution in size and complete agenesis (Nanda 
1954:704).  
A study of Inuit children demonstrates the idea of linking cultural change and evolution 
(Waugh 1937). The children’s’ parents grew up in the traditional culture, where tough meat was 
a staple. The tough diet caused the parents’ to develop rugged jaws. The children, on the other 
hand, grew up at a missionary station where they consumed soft foods high in carbohydrates. As 
adults, the children display small jaw dimensions relative to their parents (Waugh 1937). While 
one generation is insufficient to suggest evolutionary change, the study shows how 
environmental stressors can affect the development of the dentition. However, it is important to 
remember that the size of teeth among different populations will not always reflect the 
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technological advancement of the population (Bailit and Friedlaender 1966). For example, the 
Inuit populations that exhibit the highest degree of third molar agenesis  are not more 
technologically advanced than modern European populations, whose frequencies of agenesis are 
lower (Goldstein 1932). 
Due to the reduced adaptive value of the third molar, researchers argue dental reduction 
is the result of the probable mutation effect (PME) model (Brace 1963 and 1971). According to 
the PME model, structures that are no longer functional experience a relaxation in selection 
pressure. This relaxed pressure permits mutations to accumulate in the population, with the result 
that the concerned structures reduce in size. The adoption of agriculture represents a great 
change in human food and food preparation. As tools and techniques of food preparation become 
increasingly sophisticated, humans no longer need large teeth. Hence, random mutations are free 
to accumulate. Since the majority of such mutations will result in structural reduction, the 
“probable effect” is decreased tooth size. However, the scientific community recently rejected 
the PME model because it is no longer a valid explanation for human dental reduction 
(Calcagno, 1989). 
Today, the accepted hypothesis within the scientific community is that certain teeth fail to 
form because of direct selection (Calcagno 1988:506). This hypothesis divides mammalian 
dentition into three morphologic fields corresponding to incisors, canines, and premolars and 
molars. Within each field, one “key” tooth is the most stable. The flanking teeth within each 
morphologic field become progressively less stable (Vastardis 2000:652). Considering each 
quadrant separately, the key tooth in the premolar/molar field would be the first molar. This 
schema positions the second and third molars at the distal end of the field (Vastardis 2000:652). 
The terminal, or most posterior, tooth of the morphologic field is missing most frequently 
29 
 
(Vastardis 2000:652). The anterior molars are under stronger genetic control and, hence, exhibit 
less variation than posterior molars. Later-developing teeth tend to be smaller than anterior ones 
because they are more restricted in space. Thus, the third molars are the most variable in size and 
shape and less likely to develop (Vastardis 2000:652). A study of 240 White children conducted 
by Garn and colleagues (1963) finds that individuals with at least one third molar missing 
possess teeth with a relatively smaller mesiodistal diameter.  
However, some of the variation in frequency of third molar agenesis does not support the 
biocultural hypothesis. For example, there is a higher frequency of third molar agenesis in large-
jawed Inuit than in smaller-jawed Whites. This discrepancy is evident in prehistoric samples, as 
well. A study of mid-Pleistocene European hominids finds that while there is a reduction in tooth 
size in sample, there is not a mutual reduction in size of the mandible (Bermudez de Castro 
1989). Ruffer (1920) finds in his pre-dynastic Egyptian sample that the mandibles of those with 
third molar agenesis are generally large and have enough room to accommodate the third molars. 
Therefore, these studies do not support an association between third molar agenesis and smaller 
jaw size. However, as previously stated, Kajii and colleagues (2004), Tavajohi-Kermani and 
colleagues (2002), and Anderson 1975 support a correlation between anteroposterior dimensions 
of the maxilla and third molar agenesis. While the results of these studies are conflicting, the 
present study asserts that the modern changes to human diet and facial skeleton support the 
biocultural hypothesis. The frequencies of malformation, impaction and agenesis of the third 
molar are due to insufficient jaw space in modern populations (Sengupta et al. 1999). 
Additionally, the present study is an example of the research needed to understand the 
mechanisms of human evolution and human variation.  
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Developmental Hypothesis 
The developmental hypothesis, which is the hypothesis that the rate of tooth development 
relates to agenesis of the third molar, is the second hypothesis that informs the present study. As 
mentioned previously, research supports a relationship between delayed tooth development and 
third molar agenesis (Nieminen 2009:327). Tavajohi-Kermani and colleagues (2002) note a 
connection between dental agenesis and delayed tooth formation, retention of deciduous teeth, 
and prolonged exfoliation of the deciduous teeth. External factors, such as, cancer therapy, 
dioxin accidents, maternal tobacco smoking, maternal systemic diseases, and alteration of birth 
weight can disturb tooth development (Nieminen 2009:327). Additionally, ancestry can influence 
rates dental development. Most studies agree that people of African ancestry show earlier 
mineralization and eruption times for the permanent teeth than White populations, especially in 
the later forming teeth such as third molars (Garn et al. 1972, Krumholt et al. 1972, Garn et al. 
1973, Hassanali 1981, and Harris and McKee 1990). Research supports the argument that 
disparities in tooth development between Blacks and Whites are due to the embodiment of social 
inequality (Gravlee 2009). In addition, studies show that females are ahead of males in 
development and eruption of the permanent teeth (Garn et al. 1972 and Mincer et al. 1993). The 
early onset of puberty in females causes the difference observed in tooth development between 
males and females.  
Differences in the timing of third molar emergence are striking. A study conducted by 
Garn and his colleagues (1961) finds that a sample of children who have third molar agenesis 
exhibit a much later formation of the rest of the posterior dentition, both in cusp mineralization 
and in eruption into the oral cavity, than their unaffected peers. Moreover, unaffected siblings of 
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these children also show a delayed development of posterior teeth, especially the third molar, 
compared to an unaffected and unrelated sample (Garn et al. 1961). 
Garn and coworkers (1972) find in their study that Blacks are significantly ahead of 
Whites in emergence of the mandibular third molars, a 5.6 years difference, and in the maxillary 
third molars, a 3.7 years difference. The age of third molar eruption ranges from as early as 13.0 
years in some African males to as late as 25.6 years in a sample of White females (Garn et al. 
1972, Chagula 1960, Hassanali 1985). Garn and coworkers (1972), in a sample of 953 Blacks 
and 998 Whites, find that Black males were on average 0.38 standard deviations ahead of White 
males in terms of permanent tooth emergence. In contrast, Black females were 0.48 standard 
deviations ahead of White females (Garn et al. 1972). A later study by Garn and colleagues 
(1973) finds that a sample of 3,022 Black boys and girls are dentally advanced over 2188 White 
boys and girls of similar income level by an average of 0.30 standard deviations. Hassanali 
(1985) finds that third molar emergence in his sample of 1,343 Kenyan Africans is on average 2-
3 years ahead of a sample of Asians living in Nairobi (n=1092), which is about 0.25 years behind 
a sample of White individuals living in Boston (Fanning 1962). Furthermore, Tompkins (1996) 
finds that Blacks are significantly advanced in their third molar development compared to 
French-Canadians. Additionally, there is significant advancement in low-income African-
Americans compared to low-income European-Americans in age of emergence of permanent 
teeth (Tompkins 1996:91).  
The results of the studies discussed previously highlight a possible reason why agenesis 
is present within European-American, or “White”, populations. There is no longer enough room 
for the third molars to emerge due to the delayed emergence of permanent teeth. In European-
American populations, the third molars are becoming significantly smaller over time, in order to 
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fit into the mouth, until they no longer develop at all. Alternatively, in African American, or 
“Black”, populations the frequency of agenesis is low because of the advanced emergence of 
permanent teeth, providing amble room for the third molars to develop and erupt into the dental 
arches. The relationship between third molar agenesis and reduced tooth size supports these 
findings (Anderson 1975 and Nieminen 2009).  
Additionally, the studies discussed above point to a degree of expressivity for the traits 
that cause third molar agenesis. Agenesis of all four third molars is the extreme expression of a 
trait that involves delayed tooth development. Another way to interpret these findings is to 
assume the existence of a “critical point” for the formation of teeth. A point exists at which the 
body tells tooth formation to stop, whether or not a delay occurs in tooth formation. In a person 
with delayed dental development, there would be no opportunity for the third molars to form 
(Garn et al. 1963). By determining the degree of development of the other teeth, researchers can 
determine whether the third molars are missing due to a lack of time to develop (Garn et al. 
1961). This argument informs the present study because the number of third molars missing from 
an individual’s mouth will reveal if the individual expresses the extreme expression of the trait. 
If the individual has the extreme expression then the individual has extreme delay in tooth 
formation. Support for the argument that delayed tooth development causes lack of room of the 
third molars reinforces the present study’s hypothesis that size of the mouth predicts the presence 
or absence of the third molars.  
This relationship to individual dental development points to the etiology of third molar 
agenesis. A slower rate of development could be partly to blame for congenital absence of the 
third molar. Conversely, an evolutionary trend towards the reduction of the human dentition may 
also be part of the cause. One of these explanations alone is not sufficient to account for the 
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range of variation in frequencies of third molar agenesis. Rather, an approach that combines 
these two explanations with modern genetic studies gives a better explanation for congenital 
absence of the third molar in humans.  
 
 
Genetics of Third Molar Agenesis  
Research supports the existence of a genetic component to third molar agenesis. Evidence 
in molecular genetics supports the argument that mutations in the transcription factor genes 
MSX1 and PAX9 instigate non-syndromic tooth agenesis (Nieminen 2009:320). Both genes are 
necessary for tooth development. Population studies show that third molar agenesis manifests as 
an isolated finding or part of a syndrome. Third molar agenesis can be the result of a single 
dominant gene defect, a recessive or X-linked gene, or autosomal dominant transmission 
(Vastardis 2000:651). Garn (1963) proposes that congenital absence of one or more third molars 
is the extreme degree of expression of these genes responsible for delayed tooth formation. 
Furthermore, “multiple homeobox genes expressed in neural-crest- derived mesenchyme in the 
mandibular and maxillary processes of the first branchial arch” control tooth shape and position 
(Lidral 2002:274). Put simply, if a mutation were to occur within the homeobox genes that code 
for the third molars, the mutation could lead to agenesis. Lidral (2002) presents a study on nine, 
homozygous MSX1-deficient mice with tooth agenesis. The study argues that a threshold level 
of MSX1 function is vital in tooth development and that MSX1 functions to pattern the dentition 
(Lidral 2002:277). However, it is not yet known what other factors modulate the effects of 
MSX1 mutations. Vieira (2003) found that an MSX1 mutation is also responsible for some forms 
of facial clefting with associated hypodontia. Three mutations in the PAX9 gene occur in 
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families with congenital absence of molars and other teeth (Vieira 2003). However, while the 
MSX1 and PAX9 mutations may explain some cases of dental agenesis, they do not explain 
cases where fewer than four third molars are missing. Academics should conduct more research 
on how these genes might segregate in admixed populations (Vieira, 2003). 
In addition, researchers conducted the first genome-wide association study (GWAS) to 
identify susceptibility genes underlying third molar agenesis in Japanese and Korean 
populations. The study identifies three single-nucleotide polymorphisms (SNPs) located in three 
independent loci with association signals linking to third molar agenesis (Haga 2013:802).  
Researchers debate about the mode of inheritance of tooth agenesis. Studies argue that third 
molar agenesis follows autosomal dominant inheritance with reduced penetrance and variable 
expression, while others argue it follows polygenic inheritance (Nieminen 2009:327). In a study 
of a family presenting autosomal dominant agenesis of third molars, Vastardis (2000) identifies 
the abnormal dental gene on a specific chromosome. In this particular study, abnormality 
location is on chromosome 4p where the gene that is responsible for tooth agenesis in this family 
resides (Vastardis 2000:653). The study detects a point mutation in the MSX1 gene of all 
affected family members. These geneticists find that tooth agenesis is a result of a qualitatively 
or a quantitatively impaired function of genetic networks, which regulate tooth development 
(Nieminen 2009:335).  
While the present study does not incorporate genetics, the studies mentioned above 
provide valuable information on the etiology of third molar agenesis and tooth development. As 
previously stated, evidence supports the argument that mutations in the transcription factor genes 
MSX1 and PAX9 prompt third molar agenesis. However, biocultural interactions also explain 
how a modern human diet selects for reduced human dentition, which links to third molar 
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agenesis. Archaeological evidence shows that major changes in subsistence technology, 
particularly food preparation techniques, influenced a reduction in tooth size, which leads to 
third molar agenesis. In addition, the developmental hypothesis informs how the rate of tooth 
development can also influence agenesis of the third molar. If teeth are slow to develop, then 
third molar agenesis is more common. Agenesis of third molars also affects the agenesis of the 
surrounding teeth. Individuals with agenesis of maxillary third molars exhibit a significant 
increase in occurrence of agenesis of maxillary lateral incisors, mandibular incisors and 
maxillary and mandibular second premolars. In addition, a collection of congenital diseases has 
hypodontia as a symptom. Lastly, the presence of anterior crowding and different skeletal 
malocclusion patterns correlates with higher rates of third molar agenesis.  
Overall, the global rate of third molar agenesis is 22.63% (Carter and Worthington 2015). 
Blacks exhibit the lowest frequencies of third molar agenesis, while East Asians and the Inuit 
exhibit the highest frequencies of agenesis (Brothwell 1963, Daito et al. 1992, and Goldstein 
1932). Whereas, European, North American, and South American frequencies of third molar 
agenesis lie in between these two extremes. The population studies covered in this literature 
review communicate expected differences in rates of agenesis across modern populations due to 
differences in geographic provenience. 
In sum, the present study adds to the existing literature on third molar agenesis by finding 
further support for an association between third molar agenesis and size of the mouth using 
craniometrics measurements. The present study seeks to evaluate that size of the maxilla 
influences third molar agenesis, and to be the first study to find support that size of the mandible 
also influences third molar agenesis. By identifying these associations, the present study seeks to 
determine an association between the presence or absence of third molars based on the size of an 
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individual’s mouth, as supported by the present literature (Tavajohi-Kermani et al. 2002 and 
Kajii et al. 2004). The present study has important implications for dentists and orthodontists, 
who advise individuals on their oral health, paleoanthropologists, who study human evolution, 
and forensic anthropologists, who assist with the identification of human remains using dental 
development as an age estimation method. In addition to this current study, more population 
studies should be conducted to refine our understanding of the etiology of third molar agenesis. 
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CHAPTER THREE: 
MATERIALS AND METHODS 
 
Chapter Three provides an overview of the materials and methods used to investigate the 
research problem. As well, this chapter includes the justification for specific procedures used to 
identify, select, process, and analyze the data. This chapter gives an overview of the study 
sample, case selection criteria, the process of identifying agenesis, and the collection of 
cephalometric measurements. This chapter also explains why outliers were removed from the 
sample, how the sample was divided into groups for statistical data analyses, and the statistical 
methods used to determine the frequency of third molar agenesis and test for a relationship 
between third molar agenesis and maxillomandibular dimensions.  
 
Sample 
The sample for this research project is from the University of New Mexico’s Maxwell 
Museum of Anthropology Orthodontics Case File System (https://hscapp.unm.edu/orthodontics). 
As mentioned in Chapter Two, numerous third molar agenesis studies use orthodontic patient 
records (Nanda, 1954; Garn et al., 1973; Mok and Ho, 1996; Raloti, 2013; Haga, 2013; Alam, 
2014; Esan, 2016). This study uses a sample of orthodontic patients because it is publicly 
accessible and is from a reliable source. In addition, this sample consists of individuals of each 
sex, various ages, and various ancestries. Furthermore, no research on third molar agenesis 
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currently exists for samples from the Orthodontics Case File System. This study is the first to 
investigate the frequency of third molar agenesis for these modern American populations and the 
relationship between third molar agenesis and the maxillomandibular dimensions. 
The Orthodontics Case File System began through a donation of approximately 5,000 
patient orthodontic records by Dr. James Economides, an orthodontist from Albuquerque, New 
Mexico. These records are of patients who consulted with Dr. Economides from the 1970s to 
1990s. This collection provides a case file system of a variety of orthodontic problems along 
with the associated treatment histories, X-rays, oral images, dental casts, and outcomes for a 
population of patients with broad ancestral and ethnic backgrounds (Edgar et al. 2009). Studies 
of third molar agenesis frequently use dental X-rays and dental histories to identify the presence 
or absence of third molars. These studies commonly use panoramic radiographs to show the 
entire dental arcade in one image (Figure 3.1) and lateral radiographs to show the lateral 
craniofacial area. De-identified radiographs, inter-oral photographs, and case histories are 
available for review within the case file system but do not contain identifying patient information 
and are therefore publically available (Edgar et al. 2009). The electronic, anonymized portion of 
the collection is searchable using an online search engine (Edgar et al. 2009). Cases can be 
located by searching by orthodontic diagnoses, patient demographics, and patient cephalometric 
parameters (Edgar et al. 2009). Each case file has no personal information, such as names, dates, 
and addresses; therefore, institutional review board (IRB) approval for this project is not 
required.   
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Figure 3.1: Example of de-identified panoramic radiograph. 
 
Case Selection Criteria 
The present study uses the following criteria for case selection. First, cases must have at 
least one panoramic radiograph to properly score presence or absence of all third molars. 
Panoramic radiographs are suitable for detecting third molar agenesis because they provide a 
view of the entire dental arcade in one x-ray (Figure 3.1). Second, cases are excluded if the 
radiographs are blurry or poor quality. Third, cases must have no extracted third molars. A 
patient’s dental histories allow for determination of a medical history of third molar extraction. 
Lastly, individuals must be between 9 and 16 years old. Third molar crypt formation begins at 
three to four years of age. Third molar calcification starts at seven to ten years of age. Third 
molars can be detected radiographically as early as age 7, with peak third molar formation 
occurring between 8 and 10 years of age (Gravely, 1965; Daito et al., 1992). Therefore, third 
molars should be visible by age nine. Calcification of the third molar crown is completed at 12 to 
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16 years of age (AlQahtani 2012). Eruption of the third molar begins at 17 to 21 years of age 
(AlQahtani 2012). Few people 16 years old or younger have their third molars extracted because 
it is common practice to wait until the third molar begins to erupt to have them removed. Thus, 
the age range for this project is 9 to 16 years old.  
After case selection, the total sample consists of 543 cases (Table 3.1). The distribution 
of male (n=248) and female (n=295) individuals within the sample is relatively equal. In 
addition, the distribution of individuals in each age category varies within the sample: 9 years old 
(n=66), 10 years old (n=68), 11 years old (n=94), 12 years old (n=92), 13 years old (n=88), 14 
years old (n=65), 15 years old (n=54), and 16 years old (n=16). The sample consists mostly of 
individuals with European-American ancestry (n=355), but also includes individuals of African 
American (n=18), Native American (n=45), Asian (n=17), and Hispanic (n=108) ancestry.  
 
 
Table 3.1: Distribution of sample (outliers included). 
 
  
African American Asian European-American Hispanic Native American n
Sex Male 8 9 164 49 18 248
Female 10 8 191 59 27 295
Age 9 3 4 49 9 1 66
10 2 1 48 12 5 68
11 4 1 65 19 5 94
12 3 3 62 20 4 92
13 4 3 48 23 10 88
14 1 1 41 15 7 65
15 1 2 33 7 11 54
16 0 2 9 3 2 16
n 18 17 355 108 45 543
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Removal of Outliers 
After exploratory data analysis using boxplots, nine cases were identified as outliers and 
removed from the dataset. This study classifies an outlier as a point that is greater than or equal 
to 1.5 times the interquartile range. These outliers could be due to individual variation, skewed 
measurements, or data entry error. They were removed to eliminate any effect they may have on 
the results. After outliers are removed, the total sample consists of 534 cases (Figure 3.2). The 
distribution of males (n=245) and females (n=289) is still relatively equal. Similarly, the removal 
of the nine outliers did not affect the distribution of individuals within each age category.  
 
Table 3.2: Distribution of study sample after outliers are removed. 
 
 
Identifying Agenesis 
Molar agenesis is defined as the lack of one or more third molars. Both the left and right 
sides of the skull are radiographically scored for the presence or lack of third molars. Records are 
examined to double check that individuals do not have a third molar extraction. In accordance 
with the methods of previous radiographic third molar agenesis studies, a tooth is noted as being 
congenitally absent when it was not visible on the radiograph and there was no history of 
African American Asian European-American Hispanic Native American n
Sex Male 8 9 164 49 18 245
Female 9 8 186 59 27 289
Age 9 3 4 48 9 1 65
10 2 1 46 12 5 66
11 4 1 62 19 5 91
12 3 3 62 20 4 92
13 3 3 48 23 10 85
14 1 1 41 15 7 65
15 1 2 33 7 11 54
16 0 2 9 3 2 16
n 17 17 347 108 45 534
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extraction. In addition, the area where the molar would have been is carefully inspected to 
determine that the bone is smooth, regular and of uniform texture and density, showing no signs 
of crypt formation or extraction (Lynham 1989; Gravely 1965; Lavelle and Moore 1973; Daito et 
al 1992). The frequencies of third molar agenesis are ascertained using the individual count 
method and total tooth count method. In the individual count method, each individual case in the 
study that exhibits agenesis of one or more third molars is considered separately. In the total 
tooth count method, the frequency is reported as the total number of third molars missing out of 
the total possible number of third molars (n=4). Using these methods, the rate of agenesis is 
determined for sex, ancestry, and maxilla vs. mandible. Additionally, crosstabulation analysis is 
used to examine the following relationships: the total number of individuals within each sex, age, 
and ancestry group with and without third molars present, the number of third molars absent per 
individual, the number of third molars missing from the maxilla and the mandible, and the 
number of third molars missing from each quadrant. 
 
Collection of Cephalometric Data 
Cephalometrics are standardized measurements recorded from the skull that characterize 
craniofacial dimensions. Dentists, orthodontists, and oral surgeons frequently use cephalometric 
measurements to analyze the dental and skeletal relationships of the human skull as a treatment-
planning tool. In third molar agenesis studies, cephalometrics are used to compare the 
maxillomandibular dimensions of individuals with and without agenesis (Kajii et al. 2004 and 
Tavajohi-Kermani et al. 2002). The present study uses seven cephalometric measurements from 
each case file to compare maxillomandibular dimensions and the presence or absence of third 
molars for these individuals (Table 3.3). Dr. Economides determined each cephalometric from an 
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individual’s lateral radiographs taken during patient examinations. Figure 3.2 provides a diagram 
of landmarks used to measure the cephalometrics applied in this study. Cephalometric data for 
each case file is recorded in an Excel spreadsheet and uploaded into SPSS v.23 ® for data 
analysis. Some case files are missing cephalometrics due to incomplete records. Tables 3.4 and 
3.5 provide descriptive statistics of the cephalometrics grouped by sex and ancestry. More 
statistics on these measurements are provided in Chapter Four.     
 
 
Table 3.3: Cephalometric measurements recorded in millimeters. 
Cephalometric 
Abbreviation 
Definition 
CO-GN The straight-line distance between Condylion (Co) and 
Gnathion (Gn) 
CO-GO The straight-line distance between Condylion (Co) and 
Gonion (Go) 
CO-SS The straight-line distance between Condylion (Co) and 
Subspinale (A point) 
AO-BO The straight-line distance between Subspinale (A point) and 
Supramentale (B point) each projected to the Functional 
Occlusal Place line passing through posterior cusp of the 
maxillary first molar and a line along the occlusion of the 
maxillary and mandibular premolars and a line perpendicular 
to it through the averaged anterior contact of the first 
maxillary premolars with the maxillary canine(cuspid) 
AFH Distance between Nasion (N) and Menton (Me) 
SPA-PG Distance from the Subspinale (A point) 
to Pogonion (Pog) 
PFH Distance from the CF point 
(where the Frankfort Horizontal 
line crosses the Pterygoid vertical 
line) to Gonion (Go) 
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Figure 3.2: Diagram of landmarks for cephalometrics (Park et al. 2012). 
 
 
Table 3.4: Descriptive statistics of cephalometrics (mm) grouped by sex. 
 
n Range Minimum Maximum Mean Median Std. Deviation Skewness Coefficient of Variation
Sex Male (n=245) CO-GN 245 65.83 73.68 139.51 116.66 116.49 8.72 -0.69 7.47
CO-GO 173 37.56 35.06 72.62 55.20 55.10 5.84 0.12 10.58
CO-SS 245 48.47 54.83 103.30 88.77 88.98 6.72 -1.12 7.57
AO-BO 216 21.80 -10.10 11.70 1.94 1.86 3.37 -0.18 173.71
AFH 247 64.16 78.86 143.02 117.86 117.72 9.02 -0.35 7.65
SPA-PG 183 64.56 12.69 77.25 60.35 59.79 7.15 -1.45 11.85
PFH 169 100.74 21.00 121.74 68.24 65.30 13.46 1.48 19.72
Female (n=289) CO-GN 289 80.20 66.50 146.85 112.21 112.00 9.05 -1.06 8.07
CO-GO 205 44.91 33.09 78.00 52.82 52.68 5.64 -0.02 10.68
CO-SS 289 59.17 50.37 109.54 84.75 85.00 7.04 -1.49 8.31
AO-BO 253 23.68 -11.27 12.41 1.15 1.49 3.49 -0.42 303.48
AFH 293 79.82 65.00 144.82 112.72 113.03 9.61 -1.54 8.53
SPA-PG 219 62.91 10.51 73.42 56.58 56.96 6.63 -2.06 11.72
PFH 193 111.62 28.00 139.60 68.47 66.72 12.59 2.23 18.39
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Table 3.5: Descriptive statistics for cephalometrics (mm) grouped by ancestry. 
 
 
 
Group Selection 
 For further data analysis, cases are separated into groups according to sex and ancestry 
due to distinct variation in size as shown by Tables 3.5 and 3.5. Additionally, as mentioned in 
Chapter Two, previous third molar agenesis studies identify differences due to sex and ancestry 
for the frequency of third molar agenesis. Therefore, it is necessary to separate cases into groups. 
However, the ancestry samples are not separated into male and female groups due to small 
sample size. Cases are not separated by age for correlation to the presence or absence of agenesis 
n Range Minimum Maximum Mean Median Std. Deviation Skewness Coefficient of Variation
African American (n=17) CO-GN 17 65.95 69.98 135.93 113.06 115.32 13.62 -1.72 12.05
CO-GO 11 17.96 44.37 62.33 52.10 51.07 5.20 0.76 9.98
CO-SS 17 51.95 50.37 102.32 86.31 86.42 11.29 -1.80 13.08
AO-BO 14 19.52 -8.06 11.46 0.47 0.90 5.12 0.17 1089.36
AFH 17 65.53 68.91 134.44 115.06 117.23 13.84 -2.32 12.03
SPA-PG 13 39.05 35.67 74.72 62.53 64.19 9.52 -1.96 15.22
PFH 11 67.61 51.84 119.55 70.43 66.72 18.04 2.20 25.61
Asian (n=17) CO-GN 17 22.27 104.00 126.27 116.15 117.40 5.96 -0.36 5.13
CO-GO 13 11.31 51.09 62.40 55.32 54.85 3.87 0.66 7.00
CO-SS 17 15.79 80.55 96.34 86.90 85.83 4.58 0.59 5.27
AO-BO 14 15.06 -4.45 10.63 2.06 2.38 3.75 0.36 182.04
AFH 17 27.89 107.50 135.39 116.06 114.61 7.98 1.00 6.88
SPA-PG 14 18.31 53.63 71.94 61.11 60.17 5.32 0.47 8.71
PFH 12 59.65 54.04 113.69 67.55 63.59 15.56 2.69 23.03
European-American (n=347) CO-GN 347 80.20 66.65 146.85 113.74 114.30 9.64 -0.83 8.48
CO-GO 240 44.91 33.09 78.00 53.41 53.65 6.15 -0.03 11.51
CO-SS 347 57.52 52.02 109.54 86.67 87.08 7.26 -1.12 8.38
AO-BO 301 20.86 -8.85 12.01 1.62 1.67 3.10 -0.20 191.36
AFH 354 79.82 65.00 144.82 114.41 114.01 10.16 -1.05 8.88
SPA-PG 257 64.56 12.69 77.25 57.45 57.34 6.93 -1.19 12.06
PFH 251 118.62 21.00 139.62 68.06 66.22 13.18 0.15 19.37
Hispanic (n=108) CO-GN 108 36.19 97.74 133.93 114.93 114.26 7.68 0.11 6.68
CO-GO 87 30.78 41.84 72.62 54.74 54.15 5.33 0.80 9.74
CO-SS 108 52.89 50.41 103.30 86.24 86.90 6.88 -1.55 7.98
AO-BO 101 23.68 -11.27 12.21 1.38 1.64 3.73 -0.51 270.29
AFH 108 34.12 98.88 133.00 115.95 115.56 8.09 0.08 6.98
SPA-PG 91 66.37 10.51 76.88 58.40 58.32 7.33 -2.90 12.55
PFH 59 56.66 31.34 88.00 66.46 66.10 9.02 -0.60 13.57
Native American n=45 CO-GN 45 27.28 102.72 130.00 116.36 117.43 7.03 0.16 6.04
CO-GO 27 19.60 45.20 64.80 55.71 55.60 5.08 -0.13 9.12
CO-SS 45 26.31 74.23 100.54 86.80 85.00 6.14 0.26 7.07
AO-BO 39 22.26 -10.56 11.70 1.21 1.20 4.43 -0.38 366.12
AFH 44 31.00 106.15 137.15 117.85 117.46 7.45 0.54 6.32
SPA-PG 27 19.05 54.20 73.25 60.48 61.13 5.21 0.55 8.61
PFH 29 58.84 56.46 115.30 74.36 73.00 14.02 1.47 18.85
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because maxillomandibular development is fully complete by age nine. If an individual has their 
third molars, the molars should be present by age nine. Therefore, variation between individuals 
can be attributed to differences between presence and absence of third molars not differences 
between ages. This reasoning will also be supported by further analysis in Chapter four. 
 
Statistical Data Analysis 
The data are subjected to statistical analyses using SPSS v.23 ® to test for an association 
between agenesis and the size of the dental arch and facial region using cephalometric data.  
Three hypotheses are tested. 
The first hypothesis states that individuals with agenesis of third molar germs will be 
significantly different in maxillomandibular dimensions than individuals without agenesis. All 
seven cephalometrics (CO-GN, CO-GO, CO-SS, AO-BO, AFH, PFH, and SPA-PG) are used to 
test this hypothesis. These measurements determine the length of the maxilla, mandible, anterior 
facial height, posterior facial height, and protrusion of the anterior teeth. This research uses chi-
square tests for independence to search for significant associations between presence and 
absence of the third molar. Clustered boxplots for groups of cases are used to further analyze the 
variation in the size of the measurements in the different sex and ancestry groups. Due to small 
sample sizes, independent samples non-parametric Kruskal-Wallis tests are used to analyze the 
distribution of the values for each measurement in individuals with third molars present and 
absent. Lastly, the European American sample has a large enough sample size to perform binary 
logistic regression to look for relationships that may be been overlooked by the non-parametric 
Kruskal-Wallis tests. Table 3.6 outlines the tests and analyses used to test H1. The first 
comparison is between the dimensions of male individuals who have third molars present versus 
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male individuals who have third molars absent. The second comparison is between female 
individuals who have third molars present versus female individuals who have third molars 
absent. The third comparison is between individuals within each ancestry (African American, 
Asian, European-American, Hispanic, and Native American) who have third molars present 
versus individuals within each ancestry who have third molars absent. 
The second hypothesis (H2) states that the agenesis of maxillary third molars is associated 
with the anteroposterior dimensions of the maxilla. Only two cephalometrics (CO-SS and SPA-
PG) are used to test this hypothesis. These measurements determine the length of the maxilla. 
Chi-square tests, clustered boxplots, Kruskal-Wallis non-parametric tests, and logistic regression 
analysis are also used to examine H2. Table 3.7 outlines the tests and analyses used to test H2. 
The comparisons used to test H1 are also used to test H2.  
Finally, the third hypothesis (H3) states that the agenesis of mandibular third molars does 
not is associated with anteroposterior dimensions of the mandible. Only two cephalometrics 
(CO-GN and CO-GO) are used to test this hypothesis. These measurements determine the length 
of the mandible. Chi-square tests, clustered boxplots, Kruskal-Wallis non-parametric tests, and 
logistic regression analysis are also used to examine H3. Table 3.8 outlines the tests and analyses 
used to test hypothesis three. The first comparison is between the dimensions of male individuals 
who have third molars present versus male individuals who have third molars absent. The 
comparisons used to test H2 are also used to test H3. 
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Table 3.6: Outline of statistical comparisons to test H1. 
 
Hypothesis 1 Method Variables Group Comparison
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
Males Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
Females Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
African American Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
Asian Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test; 
Logistic regression
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
European-American Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
Hispanic Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN, CO-
GO, CO-SS, AO-
BO, AFH, PFH, 
and SPA-PG
Native American Molars 
present vs 
absent
Individuals with agenesis of third molar 
germs will be significantly different in 
maxillomandibular dimensions than 
individuals without agenesis.
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Table 3.7: Outline of statistical comparisons to test H2. 
 
Hypothesis 2 Method Variables Group Comparison
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
Males
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
Females
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
African American
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
Asian
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test; 
Logistic regression
CO-SS and 
SPA-PG
European-American
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
Hispanic
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-SS and 
SPA-PG
Native American
Molars 
present vs 
absent
Agenesis of maxillary third 
molars germs is associated 
with the anteroposterior 
dimensions of the maxilla.
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Table 3.8: Outline of statistical comparisons to test H3. 
 
 
 
  
Hypothesis 3 Method Variables Group Comparison
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
Males
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
Females
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
African American
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
Asian
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test; 
Logistic regression
CO-GN and 
CO-GO
European-American
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
Hispanic
Molars 
present vs 
absent
Chi-square test; 
Kruskal-Wallis test 
CO-GN and 
CO-GO
Native American
Molars 
present vs 
absent
Agenesis of mandibular third 
molars germs is not 
associated with 
anteroposterior dimensions 
of the mandible.
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CHAPTER FOUR:  
RESULTS 
 
The following chapter presents the frequency and statistical results for three hypotheses 
related to facial size and third molar agenesis for the total sample and for each sex and ancestry 
group. In total, three hypotheses were tested:  
1. Individuals with agenesis of third molar germs will be significantly different in 
maxillomandibular dimensions than individuals without agenesis. 
2. The agenesis of maxillary third molars is associated with the anteroposterior 
dimensions of the maxilla.  
3. The agenesis of mandibular third molars is not associated with anteroposterior 
dimensions of the mandible. 
 
Total Sample 
 Considered separately, the groups in the sample show considerably different results. 
When placed together, patterns become apparent. Most interestingly, in each case where two 
third molars were missing, these molars were from either the maxilla or the mandible. They 
never segregated by side.  
 A total number of 62 (11.6%) individuals displayed third molar agenesis for the entire 
sample. Most of the affected individuals had either one or two third molars missing, while fewer 
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had either three or four third molars absent (Table 4.4). In cases where only one third molar was 
missing, individuals were mostly missing the right mandibular molar, while a few individuals 
were missing the right maxillary molar and one individual was missing the left mandibular 
molar. Third molars from the right side were missing most of the time. In cases where two third 
molars were missing, the mandibular third molars were missing more often than the maxillary 
third molars. As stated previously, the missing third molars never segregated by side, instead 
they came either from the maxilla or from mandible. In cases where three third molars were 
missing, individuals were more often missing their mandibular third molars. Three patterns 
became visible when three molars are absent.  
1. In the first pattern, the left maxillary, right mandibular, and left mandibular third molars 
are absent.  
2. In the second pattern, the right maxillary, right mandibular, and left mandibular third 
molars are absent.  
3. In the third pattern, the right maxillary, left maxillary, and left mandibular third molars 
are absent.  
Patterns one and two are the most common within the cases missing three third molars.  
Table 4.1 presents the total number of individuals within each sex, age, and ancestry 
division of the sample. Table 4.2 separates the number of individuals with third molar agenesis 
into groups according to sex and ancestry. The frequency of agenesis for the European American 
sample is higher than the other ancestry samples; however, it may be an artifact of sample size. 
Table 4.3 presents the total number of third molars absent per group. Table 4.4 presents the 
number of missing third molars per quadrant. Based on these results, it is more likely for an 
individual to be missing a mandibular third molar than a maxillary third molar. Table 4.5 
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presents the number of missing third molars per individual. The results show that it is more 
common for individuals to be missing one or two third molars.  
 
 
 
 
 
Table 4.1: Distribution of sample (n). 
 
 
 
 
  
African American Asian European-American Hispanic Native American n
Sex Male 8 9 161 49 18 245
Female 9 8 186 59 27 289
Age 9 3 4 48 9 1 65
10 2 1 46 12 5 66
11 4 1 62 19 5 91
12 3 3 62 20 4 92
13 3 3 46 23 10 85
14 1 1 41 15 7 65
15 1 2 33 7 11 54
16 0 2 9 3 2 16
n 17 17 347 108 45 534
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Table 4.2: Distribution of individuals with absent third molars (n). 
 
 
 
 
 
 
 
 
 
Table 4.3: Total count of third molars absent per group (n). 
 
 
 
  
African American Asian European-American Hispanic Native American n
Sex Male 0 1 21 8 2 32
Female 1 0 21 5 3 30
Age 9 0 0 5 1 0 6
10 0 0 5 2 0 7
11 0 0 5 2 0 7
12 0 0 7 1 1 9
13 0 0 7 4 2 13
14 0 0 5 3 1 9
15 1 0 7 0 1 9
16 0 1 1 0 0 2
n 1 1 42 13 5 62
African American Asian European-American Hispanic Native American n
Sex Male 0 2 51 19 3 75
Female 1 1 45 10 10 67
Age 9 0 0 17 4 0 21
10 0 0 8 2 0 10
11 0 0 9 6 0 15
12 0 0 13 2 2 17
13 0 0 17 10 5 32
14 0 0 12 5 4 21
15 1 0 18 0 2 21
16 0 2 2 0 0 4
n 1 2 96 29 13 141
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Table 4.4: Number of missing third molars per quadrant (n). 
 
 
Table 4.5: Number of missing third molars per individual (n). 
 
 
  
Right Max Left Max Right Mand Left Mand n
Sex Male 15 13 26 21 75
Female 14 11 24 18 67
Ancestry African American 0 0 1 0 1
Asian 0 0 1 1 2
European-American 19 17 35 25 96
Hispanic 8 5 9 7 29
Native American 2 2 4 5 13
n 29 24 50 38 141
1 Molar 2 Molars 3 Molars 4 Molars n
Sex Male 10 11 1 10 32
Female 10 10 4 6 30
Ancestry African American 1 0 0 0 1
Asian 0 1 0 0 1
European-American 14 13 4 11 42
Hispanic 4 5 1 3 13
Native American 1 2 0 2 5
n 20 21 5 16 62
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Groups 
African American Sample 
The sample of African Americans consisted of 17 individuals, eight males and nine 
females, between the ages of 9 and 15 (Table 4.1). Only one individual presented with third 
molar agenesis (Table 4.2). That individual was missing only the right mandibular third molar 
(Table 4.4). It is impossible to discern a predilection for side as there was only one case of 
agenesis for this sample. 
 
Asian Sample 
The sample of Asians was comprised of 17 individuals, nine males and eight females, 
between ages 9 and 16 (Table 4.1). One individual presented with third molar agenesis (Table 
4.2). The individual was missing two third molars, the right and left mandibular third molars 
(Table 4.4). A predilection for side does not seem to be present since both right and left molars 
were missing; however, more information is needed since there was only one case of agenesis for 
this sample. 
 
European American Sample 
 The European American sample included 347 individuals, 161 males and 186 females, 
between ages 9 and 16 (Table 4.1). A total of 42 individuals had third molar agenesis (Table 
4.2). There were 19 individuals with their right maxillary third molar absent, 17 individuals with 
their left maxillary third molar absent, 36 individuals with their right mandibular third molar 
absent, and 26 individuals with their left mandibular third molar absent (Table 4.3 and 4.4). 
Fourteen individuals were missing only 1 third molar and another 14 individuals were missing 
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two third molars (Table 4.5). Only four individuals were missing three third molars and eleven 
individuals were missing all four third molars (Table 4.5). A predilection for side is apparent in 
this sample because 55 third molars were missing from the right side, while 43 third molars were 
missing from the left side.  
 
Hispanic Sample 
 There were 108 individuals in the Hispanic sample, 49 males and 59 females, between 
ages 9 and 16 (Table 4.1). A total of 13 individuals presented with third molar agenesis (Table 
4.2). There were eight individuals missing their right maxillary third molar, five individuals 
missing their left maxillary third molar, nine individuals missing their right mandibular third 
molar, and seven individuals missing their left mandibular third molar (Table 4.3 and 4.4). Four 
individuals had only one third molar absent and five individuals were missing two third molars 
(Table 4.5). Interestingly, only one individual was missing three third molars and three 
individuals had all third molars absent (Table 4.5). A slight predilection for side is apparent in 
this sample because 17 third molars were missing from the right side, while 12 third molars were 
missing from the left side. 
 
Native American Sample 
 The Native American sample consisted of 45 individuals, 18 males and 27 females, 
between ages 9 and 16 (Table 4.1). Five individuals presented with third molars agenesis (Table 
4.2). Two individuals were missing their right maxillary third molar, two individuals were 
missing their left maxillary third molar, four individuals were missing their right mandibular 
third molar, and all five individuals were missing their left mandibular third molar (Table 4.3 and 
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4.4). One individual has only one third molar absent, two individuals had two third molars 
missing, and two individuals had all four third molars missing (Table 4.5).  No predilection for 
side is apparent because the right and left sides of the dentition were missing nearly the same 
number of teeth.  
 
Cephalometric Analysis: Descriptive Statistics 
Table 4.6 shows the descriptive statistics for the cephalometrics when cases were divided 
into groups according to each individual’s sex. There is a great deal of separation between the 
minimum and maximum for each measurement. This is to be expected because measurements 
were taken from individuals at different ages and stages of growth. The younger individuals are 
closer to the minimum, while older individuals will have measurements closer to the maximum. 
Most of the measurements have a large range and high variance, but the same skew for males 
and females. Again, this is to be expected because these measurements were taken from 
individuals at different ages and stages of growth. Skewness values were recorded to capture 
amount of asymmetry present in the data. CO-GN, AO-BO, and AFH have a slight negative 
skew. While, CO-SS and SPA-PG have a slightly greater negative skew. CO-GO has little to no 
skew. PFH was the only measurement to have a slight positive skew.  
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Table 4.6: Descriptive statistics for cephalometric measurements (mm) grouped by sex. 
 
 
Table 4.7 shows the descriptive statistics for the cephalometric measurements when cases 
were divided into groups according to each individual’s ancestry. When the total sample is 
broken into groups according to ancestry, the sample sizes are very small for the African 
American, Native American, and Asian groups. Due to the small sample sizes, the minimum and 
maximum values for the measurements are not as far apart, as specified by the range values in 
Table 4.7. These range values indicate that there is not as much variation in the size of the 
measurement when the sample is divided up by ancestry, as supported by the low variance values 
in Table 4.7. However, PFH has a higher range and variance than AFH and SPA-PG, indicating 
that there is greater variation in the size of this measurement regardless of sample size. The 
European American and Hispanic groups have a larger sample size. Due to the larger sample 
size, the two groups have a larger range and higher variance for the measurements than the other 
ancestry groups. In addition, none of the measurements for any ancestry group are extremely 
positively or negatively skewed, as shown by the skewness values in Table 4.7. Interestingly, 
PFH for the European American group has a higher range and variance than the other 
measurements, indicating that there is greater variation in the size of this measurement than the 
other metrics investigated. However, the Hispanic group does not follow this pattern. PFH for 
n Range Minimum Maximum Mean Median Std. Deviation Skewness Coefficient of Variation
Sex Male (n=245) CO-GN 245 65.83 73.68 139.51 116.66 116.49 8.72 -0.69 7.47
CO-GO 173 37.56 35.06 72.62 55.20 55.10 5.84 0.12 10.58
CO-SS 245 48.47 54.83 103.30 88.77 88.98 6.72 -1.12 7.57
AO-BO 216 21.80 -10.10 11.70 1.94 1.86 3.37 -0.18 173.71
AFH 247 64.16 78.86 143.02 117.86 117.72 9.02 -0.35 7.65
SPA-PG 183 64.56 12.69 77.25 60.35 59.79 7.15 -1.45 11.85
PFH 169 100.74 21.00 121.74 68.24 65.30 13.46 1.48 19.72
Female (n=289) CO-GN 289 80.20 66.50 146.85 112.21 112.00 9.05 -1.06 8.07
CO-GO 205 44.91 33.09 78.00 52.82 52.68 5.64 -0.02 10.68
CO-SS 289 59.17 50.37 109.54 84.75 85.00 7.04 -1.49 8.31
AO-BO 253 23.68 -11.27 12.41 1.15 1.49 3.49 -0.42 303.48
AFH 293 79.82 65.00 144.82 112.72 113.03 9.61 -1.54 8.53
SPA-PG 219 62.91 10.51 73.42 56.58 56.96 6.63 -2.06 11.72
PFH 193 111.62 28.00 139.60 68.47 66.72 12.59 2.23 18.39
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the Hispanic group does not have a high range or variance. In addition, none of the 
measurements for any ancestry group are extremely positive or negative skew as indicated by the 
skewness values in Table 4.7. 
 
Table: 4.7: Descriptive statistics for cephalometrics (mm) grouped by ancestry. 
 
 
Table 4.8 presents the descriptive statistics for cephalometrics grouped by presence or 
absence of third molars. When comparing the present and absent groups, the means for each 
measurement do not significantly differ from each other. For example, the mean for CO-GN in 
the absent group is 114.82 mm, whereas the mean for CO-GN in the present group is 114.67 
n Range Minimum Maximum Mean Median Std. Deviation Skewness Coefficient of Variation
African American (n=17) CO-GN 17 65.95 69.98 135.93 113.06 115.32 13.62 -1.72 12.05
CO-GO 11 17.96 44.37 62.33 52.10 51.07 5.20 0.76 9.98
CO-SS 17 51.95 50.37 102.32 86.31 86.42 11.29 -1.80 13.08
AO-BO 14 19.52 -8.06 11.46 0.47 0.90 5.12 0.17 1089.36
AFH 17 65.53 68.91 134.44 115.06 117.23 13.84 -2.32 12.03
SPA-PG 13 39.05 35.67 74.72 62.53 64.19 9.52 -1.96 15.22
PFH 11 67.61 51.84 119.55 70.43 66.72 18.04 2.20 25.61
Asian (n=17) CO-GN 17 22.27 104.00 126.27 116.15 117.40 5.96 -0.36 5.13
CO-GO 13 11.31 51.09 62.40 55.32 54.85 3.87 0.66 7.00
CO-SS 17 15.79 80.55 96.34 86.90 85.83 4.58 0.59 5.27
AO-BO 14 15.06 -4.45 10.63 2.06 2.38 3.75 0.36 182.04
AFH 17 27.89 107.50 135.39 116.06 114.61 7.98 1.00 6.88
SPA-PG 14 18.31 53.63 71.94 61.11 60.17 5.32 0.47 8.71
PFH 12 59.65 54.04 113.69 67.55 63.59 15.56 2.69 23.03
European-American (n=347) CO-GN 347 80.20 66.65 146.85 113.74 114.30 9.64 -0.83 8.48
CO-GO 240 44.91 33.09 78.00 53.41 53.65 6.15 -0.03 11.51
CO-SS 347 57.52 52.02 109.54 86.67 87.08 7.26 -1.12 8.38
AO-BO 301 20.86 -8.85 12.01 1.62 1.67 3.10 -0.20 191.36
AFH 354 79.82 65.00 144.82 114.41 114.01 10.16 -1.05 8.88
SPA-PG 257 64.56 12.69 77.25 57.45 57.34 6.93 -1.19 12.06
PFH 251 118.62 21.00 139.62 68.06 66.22 13.18 0.15 19.37
Hispanic (n=108) CO-GN 108 36.19 97.74 133.93 114.93 114.26 7.68 0.11 6.68
CO-GO 87 30.78 41.84 72.62 54.74 54.15 5.33 0.80 9.74
CO-SS 108 52.89 50.41 103.30 86.24 86.90 6.88 -1.55 7.98
AO-BO 101 23.68 -11.27 12.21 1.38 1.64 3.73 -0.51 270.29
AFH 108 34.12 98.88 133.00 115.95 115.56 8.09 0.08 6.98
SPA-PG 91 66.37 10.51 76.88 58.40 58.32 7.33 -2.90 12.55
PFH 59 56.66 31.34 88.00 66.46 66.10 9.02 -0.60 13.57
Native American n=45 CO-GN 45 27.28 102.72 130.00 116.36 117.43 7.03 0.16 6.04
CO-GO 27 19.60 45.20 64.80 55.71 55.60 5.08 -0.13 9.12
CO-SS 45 26.31 74.23 100.54 86.80 85.00 6.14 0.26 7.07
AO-BO 39 22.26 -10.56 11.70 1.21 1.20 4.43 -0.38 366.12
AFH 44 31.00 106.15 137.15 117.85 117.46 7.45 0.54 6.32
SPA-PG 27 19.05 54.20 73.25 60.48 61.13 5.21 0.55 8.61
PFH 29 58.84 56.46 115.30 74.36 73.00 14.02 1.47 18.85
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mm. The ranges for each measurement of the present group overlap the ranges for each 
measurement of the absent group. The overlapping ranges indicate that the mouths of individuals 
with third molar agenesis and individuals with third molars do not significantly differ in size. 
 
Table 4.8: Descriptive statistics for cephalometrics (mm) grouped by presence or absence of 
third molars (n=534). 
 
 
 
Table 4.9 presents the descriptive statistics for cephalometric measurements separated 
according to presence and absence of third molars and sex group. Table 4.9 shows that males 
have a slightly larger mean for each measurement than females. Males are expected to be larger 
than females due to sexual dimorphism. When comparing the female groups, the means for each 
measurement do not significantly differ from each other. Similarly, when comparing the male 
groups, the means for each measurement do not significantly differ from each other. Again, the 
ranges of each measurement for the present group overlap the ranges of the absent group. The 
overlapping ranges are consistent at all ages through 9 and 16. This trend speaks to the important 
size variation throughout growth. The overlapping ranges further supports the results of Table 
4.8. The mouths of individuals with third molar agenesis and individuals with third molars do not 
Absent Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 62 45 62 55 61 45 35
Mean 114.82 54.72 87.50 1.22 115.51 59.17 66.06
Range 37.93 26.78 21.71 17.74 36.47 25.46 25.71
Minimum 96.00 45.84 75.00 -7.11 98.92 47.96 56.29
Maximum 133.93 72.62 96.71 10.63 135.39 73.42 82.00
Present Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 472 326 472 403 470 346 305
Mean 114.67 53.90 86.97 1.51 115.62 58.79 67.02
Range 41.77 30.24 40.62 20.79 45.53 32.37 42.57
Minimum 97.74 41.18 62.68 -10.56 94.68 44.88 47.43
Maximum 139.51 71.42 103.30 10.23 140.21 77.25 90.00
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significantly differ in size. Additionally, there is no difference in size between the present and 
absent groups when the sample is divided according to sex. 
 
Table 4.9: Descriptive statistics for cephalometric measurements (mm) separated according to 
presence and absence of third molars and sex group (n=534). 
 
  
Absent Male Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 32 23 32 28 32 23 19
Mean 117.20 55.67 88.90 1.44 118.33 61.49 65.39
Range 37.93 26.78 20.73 17.74 32.39 18.11 23.71
Minimum 96.00 45.84 75.00 -7.11 103.00 53.83 58.29
Maximum 133.93 72.62 95.73 10.63 135.39 71.94 82.00
Female Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 30 22 30 27 29 22 16
Mean 112.27 53.72 86.00 1.00 112.40 56.74 66.85
Range 24.08 14.56 19.05 9.98 33.18 25.46 22.71
Minimum 102.68 47.18 77.66 -4.14 98.92 47.96 56.29
Maximum 126.76 61.74 96.71 5.84 132.10 73.42 79.00
Present Male Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 213 148 213 185 212 156 139
Mean 116.88 55.18 89.10 1.88 118.04 60.64 66.87
Range 41.77 29.73 37.76 20.33 40.14 32.37 42.57
Minimum 97.74 41.69 65.54 -10.10 100.07 44.88 47.43
Maximum 139.51 71.42 103.30 10.23 140.21 77.25 90.00
Female Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 259 178 259 218 258 190 166
Mean 112.85 52.83 85.23 1.18 113.63 57.26 67.14
Range 35.44 24.46 39.14 19.41 39.76 24.98 33.70
Minimum 97.89 41.18 62.68 -10.56 94.68 45.54 52.00
Maximum 133.33 65.64 101.82 8.85 134.44 70.52 85.70
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Table 4.10 presents the descriptive statistics for cephalometric measurements when 
individuals with absent third molars are separated according to their ancestry group. Table 4.11 
shows the descriptive statistics for cephalometric measurements when individuals with present 
third molars are separated according to their ancestry group. The measurements of the African 
American individual with third molar agenesis fall within the ranges of the African American 
individuals with third molars present. Therefore, this individual’s mouth is not significantly 
different in size when compared to the individuals with their third molars present. The 
measurements of the Asian individual with third molar agenesis fall within the ranges of the 
Asian individuals with third molars present. Therefore, this individual’s mouth is not 
significantly different in size when compared to the individuals with their third molars present. 
Table 4.10 and 4.11 show the same findings for the European-American, Hispanic, and Native 
American ancestry groups. The mouths of individuals with agenesis are not significantly 
different in size when compared to the individuals with their third molars present. Therefore, 
when the sample is divided according to ancestry groups, there are no differences between the 
cephalometrics of individuals with or without their third molars. 
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Table 4.10: Descriptive statistics for cephalometric measurements (mm) for individuals within 
each ancestry group with absent third molars. 
 
 
  
Absent African American Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 1 1 1 1 1 1 0
Mean 115.67 50.03 77.66 -4.14 122.54 68.46 0.00
Range 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Minimum 115.67 50.03 77.66 -4.14 122.54 68.46 0.00
Maximum 115.67 50.03 77.66 -4.14 122.54 68.46 0.00
Asian Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 1 1 1 1 1 1 1
Mean 126.27 62.40 80.55 10.63 135.39 71.94 63.47
Range 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Minimum 126.27 62.40 80.55 10.63 135.39 71.94 63.47
Maximum 126.27 62.40 80.55 10.63 135.39 71.94 63.47
European-American Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 42 28 42 35 42 29 26
Mean 113.46 53.59 87.46 1.68 113.78 57.76 66.31
Range 32.45 18.39 21.71 12.82 33.18 24.22 25.71
Minimum 96.00 45.84 75.00 -3.81 98.92 49.20 56.29
Maximum 128.45 64.23 96.71 9.01 132.10 73.42 82.00
Hispanic Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 13 12 13 13 13 12 5
Mean 118.25 56.32 89.36 -0.63 117.62 59.17 64.25
Range 25.28 25.25 10.27 11.11 23.92 21.95 14.67
Minimum 108.65 47.37 84.87 -7.11 106.59 47.96 59.33
Maximum 133.93 72.62 95.14 4.00 130.51 69.91 74.00
Native Americna Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 5 3 5 5 4 2 3
Mean 114.78 57.82 86.29 2.06 120.17 68.57 67.77
Range 18.77 4.32 13.42 5.00 16.36 6.33 16.70
Minimum 108.77 55.60 82.00 0.00 110.00 65.40 60.30
Maximum 127.54 59.92 95.42 5.00 126.36 71.73 77.00
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Table 4.11: Descriptive statistics for cephalometric measurements (mm) for individuals within 
each ancestry group with present third molars. 
 
 
To further analyze the variation in the size of the measurements, clustered boxplots for 
groups of cases compare each cephalometric measurement using sex, ancestry, and age as a 
category and define the clusters by presence or absence of the third molar (Appendix A). The 
boxplots show no apparent differences between the clusters. The medians for each cluster 
overlap within each boxplot. Therefore, when the sample is divided according to sex, ancestry, 
and age, there are no differences between the cephalometrics of individuals with or without their 
Present African American Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 16 10 16 12 15 11 10
Mean 115.60 52.31 89.10 -0.16 117.65 64.44 65.52
Range 34.93 17.96 23.32 14.12 25.44 19.86 29.21
Minimum 101.00 44.37 79.00 -8.06 109.00 54.86 51.94
Maximum 135.93 62.33 102.32 6.06 134.44 74.72 81.15
Asian Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 16 12 16 13 16 13 10
Mean 115.53 54.74 87.31 1.40 114.85 60.28 63.35
Range 19.17 9.59 14.16 9.05 21.83 13.31 21.16
Minimum 104.00 51.09 82.18 -4.43 107.50 53.63 54.04
Maximum 123.17 60.68 96.34 4.62 129.33 66.94 75.20
European-American Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 305 205 305 256 304 219 208
Mean 114.38 53.52 87.04 1.62 115.26 58.01 66.62
Range 41.62 25.90 39.99 18.56 45.53 32.37 38.00
Minimum 97.89 41.18 62.68 -8.85 94.68 44.88 52.00
Maximum 139.51 67.08 102.67 9.71 140.21 77.25 90.00
Hispanic Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 95 75 95 88 95 78 53
Mean 114.48 54.49 86.39 1.68 115.73 58.90 67.34
Range 33.11 29.58 37.76 20.33 34.12 30.90 40.57
Minimum 97.74 41.84 65.54 -10.10 98.88 45.98 47.43
Maximum 130.85 71.42 103.30 10.23 133.00 76.88 88.00
Native Americna Statistic CO-GN CO-GO CO-SS AO-BO AFH SPA-PG PFH
n 40 24 40 34 40 25 24
Mean 116.56 55.45 86.87 0.80 117.63 62.00 71.90
Range 27.28 19.60 26.31 18.56 31.00 19.05 30.54
Minimum 102.72 45.20 74.23 -10.56 106.15 54.20 56.46
Maximum 130.00 64.80 100.54 8.00 137.15 73.25 87.00
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third molars. The mouths of individuals with agenesis are not significantly different in size when 
compared to the individuals with their third molars present. 
Additionally, clustered boxplots for groups of cases compare each cephalometric 
measurement using age as a category and define the clusters by the number of third molars 
present (Appendix B).  The boxplots show no apparent differences between the number of third 
molars present and the size of the measurements. The medians of all of the clusters overlap with 
each other regardless of the number of third molars present. In addition, the means are linearly 
distributed and steadily increasing with age. This is to be expected because the size of the 
measurement would increase as an individual gets older. Once again, the results suggest that the 
mouths of individuals with agenesis are not significantly different in size when compared to the 
individuals with their third molars present.  
 
Cephalometric Analysis: Chi-square Tests 
Table 4.12 contains the chi-square output for crosstabulation between sex and presence or 
absence of third molars. The results of the chi-square test are used to determine if the two groups 
are statistically independent from each other. The null hypothesis states: H0: An individual’s sex 
and the presence/absence of the third molar are independent. Figure 4.1 displays a bar chart 
presenting the number of cases within each sex with present or absent third molars. The chi-
square test finds that the two groups are independent of one another (χ=0.928, df=1, n=534, 
p=0.34). The crosstabulation table for this chi-square analysis is presented in Appendix C. The p-
value is greater than (p < .05), thus, the null hypothesis should be retained.  
Table 4.13 contains the chi-square output for crosstabulation between age and presence 
or absence of third molars. The results of the chi-square test are used to determine if the two 
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groups are statistically independent from each other. The null hypothesis states: H0: An 
individual’s age and the presence/absence of the third molar are independent. Figure 4.2 displays 
a bar chart presenting the number of cases within each age with present or absent third molars. 
The chi-square test finds that the two groups are independent of one another (χ=4.882, df=7, 
n=534, p=0.674). The crosstabulation table for this chi-square analysis is presented in Appendix 
C. The p-value is greater than (p < .05), thus, the null hypothesis must be retained. 
Table 4.14 contains the chi-square output for crosstabulation between ancestry and 
presence or absence of third molars. The results of the chi-square test are used to determine if the 
two groups are statistically independent from each other. The null hypothesis states: H0: An 
individual’s ancestry and the presence/absence of the third molar are independent. Figure 4.3 
displays a bar chart presenting the number of cases within each ancestry with present or absent 
third molars. The chi-square test finds that the two groups are independent of one another 
(χ=1.199, df=4, n=534, p=0.878). The crosstabulation table for this chi-square analysis is 
presented in Appendix C. The p-value is greater than (p < .05), thus, the null hypothesis must be 
retained. A summary of the chi-square analysis can be found in Appendix C. The current results 
do not support a relationship between third molar agenesis and the size of the maxilla and 
mandible.  
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Table 4.12: Chi-square output for crosstabulation between sex and presence or absence of third 
molars. 
 
 
Figure 4.1: Bar chart presenting number of cases within each sex with present or absent third 
molars from chi-square analysis testing for significant difference between presence or absence of 
third molar and an individual’s sex. 
 
  
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
.928
a 1.00 0.34
a. 0 cells (0.0%) have expected count less than 5. 
The minimum expected count is 28.45.
Chi-Square Tests
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Table 4.13: Chi-square output for crosstabulation between age and presence or absence of third 
molars. 
 
 
 
Figure 4.2: Bar chart presenting number of cases within each age with present or absent third 
molars from chi-square analysis testing for significant difference between presence or absence of 
third molar and an individual’s age. 
  
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
4.882
a 7 0.674
Chi-Square Tests
a. 1 cells (6.3%) have expected count less than 5. 
The minimum expected count is 1.86.
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Table 4.14: Chi-square output for crosstabulation between ancestry and presence or absence of 
third molars. 
 
 
 
Figure 4.3: Bar chart presenting number of cases within each ancestry with present or absent 
third molars from chi-square analysis testing for significant difference between presence or 
absence of third molar and an individual’s ancestry. 
 
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
1.199
a 4 0.878
Chi-Square Tests
a. 2 cells (20.0%) have expected count less than 5. 
The minimum expected count is 1.97.
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Cephalometric Analysis: Kruskal-Wallis Non-parametric Tests 
Due to small sample sizes non-parametric tests were used to analyze the distribution of 
the values for each cephalometric in individuals with third molars present and absent. The total 
sample was broken into groups according to sex and ancestry. It was not necessary to separate 
the total sample according to age because an individual’s age does not affect the chance of 
having third molar agenesis (Table 4.13). Independent samples Kruskal-Wallis tests were 
performed for each group. Some individual records were incomplete and missing cephalometric 
measurements. However, the data were not adjusted. Table 4.15 presents the significance (p) 
values for the Kruskal-Wallis tests comparing the distribution of each cephalometric 
measurement for females with or without their third molars. Table 4.16 presents the significance 
(p) values for the Kruskal-Wallis tests comparing the distribution of each cephalometric 
measurement for males with or without their third molars. Table 4.17 presents the significance 
(p) values for the Kruskal-Wallis tests comparing the distribution of each cephalometric 
measurement for African American individuals with or without their third molars. Table 4.18 
presents the significance (p) values for the Kruskal-Wallis tests comparing the distribution of 
each cephalometric measurement for Asian individuals with or without their third molars. Table 
4.19 presents the significance (p) values for the Kruskal-Wallis tests comparing the distribution 
of each cephalometric measurement for European-American individuals with or without their 
third molars. Table 4.20 presents the significance (p) values for the Kruskal-Wallis tests 
comparing the distribution of each cephalometric measurement for Hispanic individuals with or 
without their third molars. Table 4.21 presents the significance (p) values for the Kruskal-Wallis 
tests comparing the distribution of each cephalometric measurement for Native American 
individuals with or without their third molars. Some tests were unable to be performed because 
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of small sample sizes. The Kruskal-Wallis test comparing the distribution of PFH for African 
American individuals with or without their third molars was unable to be tested due to small 
sample size. In addition, Kruskal-Wallis test comparing the distribution of AO-BO for Hispanic 
individuals with or without their third molars was unable to be tested due to small sample size. 
The Kruskal-Wallis tests evaluated the null hypothesis that the distribution of the measurement 
in question is the same regardless of if an individual’s third molars are present or absent. For all 
of the tests, the null hypothesis was not rejected.  There were no tests with significance (p) 
values that rejected the null hypothesis. 
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Table 4.15: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for females with or without their third molars. 
 
 
 
 
 
 
 
 
 
 
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.657
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.463
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.504
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.773
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.282
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is 
the same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.221
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.724
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.16: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for males with or without their third molars. 
 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.681
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.948
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.99
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.22
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.751
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is 
the same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.474
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.487
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.17: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for African American individuals with or without their third molars. 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.838
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.752
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.102
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.285
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.329
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.311
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
―
Unable to 
compute.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.18: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for Asian individuals with or without their third molars. 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.102
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.109
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.102
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.107
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.102
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.107
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.752
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.19: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for European-American individuals with or without their third 
molars. 
 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.632
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.871
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.623
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.953
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.388
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.769
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.725
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.20: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for Hispanic individuals with or without their third molars. 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.14
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.555
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.052
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
―
Unable to 
compute.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.497
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.896
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-Wallis 
Test
0.299
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Table 4.21: Significance values from non-parametric tests comparing the distribution of each 
cephalometric measurement for Native American individuals with or without their third molars. 
  
Measurement Null Hypothesis Test Sig. Decision
CO-GN
The distribution of CO-GN is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.539
Retain the 
null 
hypothesis.
CO-GO
The distribution of CO-GO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.316
Retain the 
null 
hypothesis.
CO-SS
The distribution of CO-SS is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.718
Retain the 
null 
hypothesis.
AO-BO
The distribution of AO-BO is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.737
Retain the 
null 
hypothesis.
AFH
The distribution of AFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.475
Retain the 
null 
hypothesis.
SPA-PG
The distribution of SPA-PG is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.096
Retain the 
null 
hypothesis.
PFH
The distribution of PFH is the 
same for individuals with or 
without their third molars.
Independent 
Samples 
Kruskal-
Wallis Test
0.463
Retain the 
null 
hypothesis.
Assymptotic significances are displayed. The significance level is 0.05.
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Cephalometric Analysis: Logistic Regression Analysis 
The European American sample had a large enough sample size to perform logistic 
regression to look for correlations that may have been overlooked by the non-parametric 
Kruskal-Wallis tests. Some individual records were incomplete and missing cephalometric 
measurements. However, the data were not adjusted. Binary logistic regression analysis was 
performed for the total European-American sample using the cephalometric measurements as the 
covariates. The dependent variable was the presence or absence of third molars in the maxilla 
and mandible. Furthermore, the European American sample was broken up into groups 
according to sex in order to control for variation associated with growth and development. 
Binary logistic regression analysis was performed for each group using the cephalometric 
measurements as the covariates. The dependent variable was the presence or absence of third 
molars in the maxilla and mandible. Logistic regression produces odds ratios of an event 
occurring. In this study, an odds ratio equal to 1 indicates that the person is neither more nor less 
likely to have their third molars. An odds ratio greater than 1 indicates that as the cephalometric 
measurement in question increases, then the probability of having a third molar present is 
greater. An odds ratio less than 1 indicates that as the cephalometric measurement in question 
decreases, then the probability of having a third molar present is lower.  
Table 4.22 presents the results of the logistic regression analysis that estimates the 
relationship between maxillary and mandibular third molar agenesis and cephalometric 
measurements for the European American group. All seven cephalometric measurements have 
odds ratios that signify the probability of having a third molar absent or present is the same as the 
measurement increases or decreases. In addition, the significance (p) values for all seven 
cephalometric measurements are not significant when using a significance level of 0.05. Table 
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4.23 shows the results of the Hosmer and Lemeshow goodness of fit test of the logistic 
regression analysis for the European-American sample comparing cephalometric measurements 
and presence/absence of third molars. The goodness of fit suggests the model is a good fit to the 
data as p=0.553 (>0.05).   
Table 4.24 shows results of the logistic regression analysis that estimates the relationship 
between maxillary and mandibular third molar agenesis and cephalometric measurements for the 
female European American group. CO-SS, AO-BO, SPA-PG, and PFH have odds ratios that 
signify the probability of having a third molar absent or present is the same as the measurement 
increases or decreases. In addition, the odds ratio of CO-GN reveals that the probability of 
having a third molar present is lower as the cephalometric measurement decreases (OR=0.678, 
p=0.081). However, the significance (p) values are not less than 0.05, which reveals that the 
change in probability is not significant. Furthermore, the odds ratios of CO-GO (OR=1.145, 
p=0.448) and AFH (OR=1.262, p=0.082) signify the probability of having a third molar present 
is greater as the measurement increases. However, the significance (p) values are not less than 
0.05, which reveals that the change in probability is not significant. Table 4.25 shows the results 
of the Hosmer and Lemeshow goodness of fit test of the logistic regression analysis for the 
female European-American sample comparing cephalometric measurements and 
presence/absence of third molars. The goodness of fit suggests the model is a good fit to the data 
as p=0.249 (>0.05). 
Table 4.26 presents the results of the logistic regression analysis that estimates the 
relationship between maxillary and mandibular third molar agenesis and cephalometric 
measurements for the male European American group. CO-GN, CO-SS, AO-BO, AFH, and PFH 
have odds ratios that signify the probability of having a third molar absent or present is the same 
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as the measurement increases or decreases. In addition, the odds ratios of CO-GO (OR=1.100, 
p=0.453) and SPA-PG (OR=1.144, p=0.355) signify the probability of having a third molar 
present is greater the same as the measurement increases. However, the significance (p) values 
are not less than 0.05, which reveals that the change in probability is not significant. Table 4.27 
shows the results of the Hosmer and Lemeshow goodness of fit test of the logistic regression 
analysis for the male European-American sample comparing cephalometric measurements and 
presence/absence of third molars. The goodness of fit suggests the model is a good fit to the data 
as p=0.424 (>0.05). 
 
Table 4.22: Odds ratios of logistic regression analysis for European-American sample comparing 
cephalometric measurements and presence/absence of third molars. 
 
 
 
 
 
Table 4.23: Hosmer and Lemeshow test of logistic regression analysis for European-American 
sample comparing cephalometric measurements and presence/absence of third molars. 
 
 
 
 
 
 
 
B S.E. Wald df Sig. Exp(B)
CO-GN -0.127 0.098 1.699 1 0.192 0.881
CO-GO 0.085 0.093 0.838 1 0.360 1.088
CO-SS -0.005 0.075 0.005 1 0.942 0.995
AO-BO 0.018 0.133 0.018 1 0.894 1.018
AFH 0.037 0.063 0.342 1 0.558 1.038
SPA-PG 0.063 0.086 0.530 1 0.466 1.065
PFH -0.049 0.064 0.583 1 0.445 0.952
Variables in the Equation
Chi-square df Sig.
6.850 8 0.553
Hosmer and Lemeshow Test
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Table 4.24: Odds ratios of logistic regression analysis for European-American females sample 
comparing cephalometric measurements and presence/absence of third molars. 
 
 
 
Table 4.25: Hosmer and Lemeshow test of logistic regression analysis for European-American 
females sample comparing cephalometric measurements and presence/absence of third molars. 
 
 
Table 4.26: Odds ratios of logistic regression analysis for European-American males sample 
comparing cephalometric measurements and presence/absence of third molars. 
 
 
 
Table 4.27: Hosmer and Lemeshow test of logistic regression analysis for European-American 
males sample comparing cephalometric measurements and presence/absence of third molars. 
  
B S.E. Wald df Sig. Exp(B)
CO-GN -0.389 0.223 3.042 1 0.081 0.678
CO-GO 0.136 0.179 0.576 1 0.448 1.145
CO-SS 0.045 0.157 0.081 1 0.776 1.046
AO-BO -0.108 0.268 0.163 1 0.686 0.897
AFH 0.232 0.133 3.029 1 0.082 1.262
SPA-PG -0.045 0.180 0.062 1 0.803 0.956
PFH 0.056 0.092 0.367 1 0.545 1.057
Variables in the Equation
Chi-square df Sig.
10.239 8 0.249
Hosmer and Lemeshow Test
B S.E. Wald df Sig. Exp(B)
CO-GN -0.079 0.157 0.252 1 0.616 0.924
CO-GO 0.095 0.127 0.564 1 0.453 1.100
CO-SS 0.016 0.137 0.013 1 0.910 1.016
AO-BO 0.049 0.176 0.078 1 0.781 1.050
AFH -0.081 0.100 0.663 1 0.416 0.922
SPA-PG 0.135 0.145 0.857 1 0.355 1.144
PFH -0.185 0.126 2.181 1 0.140 0.831
Variables in the Equation
Chi-square df Sig.
8.100 8 0.424
Hosmer and Lemeshow Test
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CHAPTER FIVE:  
DISCUSSION 
 
Chapter five discusses the results of the present study and the frequencies of agenesis 
among similar populations to illustrate patterns of human variation. In addition, this chapter 
compares the results of the present study to previous studies that use cephalometrics to predict 
third molar agenesis. The primary research objective of this project is to analyze the frequency of 
agenesis for a modern population and determine an association between agenesis of the third 
molar and measurements of the maxilla and mandible. This research tests the hypothesis that 
individuals with third molar agenesis will have a significant decrease in maxillomandibular 
dimensions than individuals without agenesis.  
 
Frequency of Agenesis 
The combined frequency of 11.4% third molar agenesis for the total sample is 
substantially less than Carter and Worthington’s (2015) average worldwide rate of 22.63% 
(Table 5.1). The Carter and Worthington (2015) study found a higher rate of agenesis because 
their sample size was substantially larger (n=63,314) than the sample of the present study 
(n=534); therefore, they had a larger sample of individuals with third molar agenesis (Table 5.1). 
All of the third molar agenesis frequencies for this sample will be lower than the frequencies 
given by Carter and Worthington (2015) due to the difference in sample size. However, the 
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general findings on frequencies of agenesis in the present study are indicative of the variation in 
the frequency of agenesis seen worldwide. The genetic history of each ancestral population can 
explain the heterogeneity in third molar agenesis frequency.  
In the African American sample, the total frequency of third molar agenesis was found to 
be 0.17% (Table 5.1). Carter and Worthington (2015) confirms that African populations have the 
lowest rate of agenesis. Their rate of agenesis is significantly lower than all other geographic 
regions with a mean frequency of 5.74% and confidence interval of 2.7% to 11.8%. However, 
these findings are still consisted with the Carter and Worthington’s (2015) findings.  
Carter and Worthington (2015) assert that Asian populations have the highest rate of 
agenesis with a mean frequency of 29.71% and confidence interval of 26.1% to 33.5%. 
However, that is not the circumstance for the present study. In the Asian sample, the total 
frequency of third molar agenesis was found to be 0.17% (Table 5.1). The Asian sample was 
significantly lacking in individuals due to the geographic area where the sample for the present 
study was collected. The frequency of third molar agenesis may have been closer to the 
frequency found by Carter and Worthington (2015) if the Asian sample size had been greater. 
In the Hispanic sample, a frequency of 8.46% was found for the present study (Table 
5.1). Carter and Worthington (2015) reference South American studies that have a frequency 
range of third molar agenesis from 10.8% to 22.4%. Therefore, the frequency of third molar 
agenesis for the Hispanic sample is following the same pattern as the frequencies reported in 
previous studies. 
As stated above, Carter and Worthington (2015) reference North American studies that 
have a range of third molar agenesis from 9% to 27.2%. Additionally, a study conducted by 
Brothwell et al. (1963) on a population of Native Americans showed a frequency of 12.6% third 
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molar agenesis. In the Native American sample, a frequency of 9.2% third molar agenesis was 
found for the present study (Table 5.1). Therefore, the frequency of third molar agenesis for the 
Native American sample is following the same pattern as the frequencies reported in previous 
studies.  
In the European American sample, the frequency of 8.37% third molar agenesis is less 
than Carter and Worthington’s (2015) average frequency of 17.88% for North American and 
average frequency of 21.6% for European (Table 5.1). However, Carter and Worthington (2015) 
reference North American studies that have a frequency range of third molar agenesis from 9% 
to 27.2%, and European studies that have a frequency range of third molar agenesis from 6.5% to 
29.9%. Therefore, frequency of third molar agenesis for the European American sample 
investigated in this study falls within the lower range of frequencies reported for European 
American samples. 
 
Table 5.1: Frequencies of third molar agenesis for ancestry groups. 
 
 
The present study found that individuals with third molar agenesis are much more likely 
to have 1 or 2 molars missing than to have 3 or 4 molars missing (Table 5.2). These findings are 
comparable to Carter and Worthington (2015) for they also found that individuals with third 
molar agenesis are more likely to have 1 or 2 molars missing than to have 3 or 4 molars missing 
(Table 5.2). For the present study, 2 (34.9%) missing third molars is the most common condition, 
followed by 1 (31.7%), 4 (25.3%), and then 3 (7.9%) missing third molars (Table 5.2). Also, the 
present study found that individuals with third molar agenesis are nearly twice more likely to be 
African American Asian European-American Hispanic Native American Total N
Present Study 0.17% 0.17% 8.37% 8.46% 12.60% 11.40% 62
Carter and Worthington (2015) 5.74% 29.71% 17.88% 16.60% 18.10% 22.63% 63,314
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missing a molar from the mandible (62.8%) than the maxilla (36.9%) (Table 5.3). Carter and 
Worthington (2015) did not have similar findings. Instead, they found a greater chance of third 
molar agenesis in the maxilla (18.97%) than the mandible (15.25%) (Table 5.3).  
 
Table 5.2: Frequencies of third molar agenesis for number of molars missing. 
  
 
Table 5.3: Frequencies of third molar agenesis for maxilla and mandible. 
 
 
It is possible that this study found different results for frequencies of third molar agenesis 
because of the limited sample sizes. The study sample was limited to the geographic region 
where Dr. Economide’s patients resided. In a study using a larger sample size and different 
geographic region the frequencies of third molar agenesis might be different.  Another cause of 
the different frequencies of third molar agenesis found in this study is the problematic use of 
ancestry. One difficulty that arises when considering “whites” is the vague definition of the term 
“white” itself. In the popular conception it denotes “white” people of European origin. Neglected 
are populations with white features who are not considered white, for example, people of Turkish 
or Arabic origin. Although they may not fit into the classic white description, neither are they 
considered black nor Asian. The particular relevance of this issue to the present inquiry is that 
there are few modern studies of third molar agenesis in groups that fall outside the categories of 
1 Molar 2 Molars 3 Molars 4 Molars n
Present Study 31.70% 34.90% 7.90% 25.30% 62
Carter and Worthington (2015) 8.44% 7.79% 2.53% 3.42% 63,314
Maxilla Mandible n
Present Study 36.90% 62.80% 62
Carter and Worthington (2015) 18.97% 15.25% 63,314
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white, black, and Asian. This narrows the scope of inquiry and perhaps prevents a more informed 
view of variation. The problematic use of traditional “racial” categories is likewise applicable to 
studies involving people of African, Asian, Hispanic, and Native American descent.  
 
Third Molar Agenesis and the Dental Arch 
Scholars argue that the trend towards third molar agenesis is a component of the 
evolutionary trend towards a smaller overall facial skeleton. Research suggests the reduction in 
jaw size and changes in the shape of the skull may be due to changes in the biomechanical 
stresses of mastication spurred by the transition from a nut and seed diet to one based on meat 
(Anderson et al. 1975). Furthermore, advances in food processing, such as the use of tools for 
grinding and cutting and especially the use of fire in cooking, may have reduced the need for a 
strong masticatory apparatus (Smith 1982). Some scholars have posited that frequencies of 
malformation, impaction, and agenesis of the third molar are due to insufficient jaw space in 
modern populations. The goal of the present study was to find associations between third molar 
agenesis and the dimensions of the dental arcade. The present study was unable to find any 
significant associations between third molar agenesis and the cephalometrics.  
This study first used crosstabulation analysis to analyze the descriptive statistics of each 
cephalometric. The range of each cephalometric overlaps for individuals with and without their 
third molars (Table. 4.8). The overlapping ranges indicate that the mouths of individuals with 
third molar agenesis and individuals with third molars do not significantly differ in size. 
Therefore, there is no difference in size between individuals with and without third molar 
agenesis. When the present study divides the sample according to an individual’s sex, there is no 
difference in size between males with and without third molar agenesis and females with and 
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without third molar agenesis (Table 4.9). Thus, the mouths of individuals with and without third 
molar agenesis do not significantly differ in size regardless of an individual’s sex. When the 
sample is divided according to ancestry groups, there are no differences between the 
cephalometrics of individuals with or without their third molars (Table 4.10 and 4.11). Thus, the 
mouths of individuals with agenesis are not significantly different in size when compared to the 
individuals with their third molars present regardless of an individual’s ancestry. This study also 
used clustered boxplots as a visual representation of the lack of a difference between the 
cephalometrics of individuals with or without their third molars when the sample is divided 
according to sex, ancestry, and age (Appendix A). Therefore, the mouths of individuals with 
agenesis are not significantly different in size when compared to the individuals with their third 
molars present.  
Additionally, this study used chi-square analysis to look for associations between third 
molar agenesis and an individual’s sex, age, or ancestry. This study expected to find associations 
between sex and third molar agenesis because previous literature has stated that women are more 
likely to have third molar agenesis. Similarly, this study expected to find associations between 
ancestry and third molar agenesis because previous literature has stated that certain ancestral 
populations are more inclined to third molar agenesis. This study did not expect to find any 
associations between age and because maxillomandibular development is fully complete by age 
nine. Therefore, age is not a factor in third molar agenesis. This study was unable to find any 
associations between third molar agenesis and sex, age, or ancestry in the sample analyzed 
(Table 4.12, 4.13, and 4.14). For example, there was no association between being of European-
American decent and having third molar agenesis. Similarly, there was no significant 
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relationship between being male or female and having third molar agenesis, or between being a 
certain age and having third molar agenesis. 
As previously stated, the current results do not support an association between third 
molar agenesis and the size of the maxilla and mandible. This study performed non-parametric 
Kruskal-Wallis tests to validate the findings of the crosstabulation analysis, clustered boxplots, 
and chi-square analysis. The non-parametric Kruskal-Wallis tests did not find differences in the 
distribution of the values for each measurement in individuals with third molars present and 
absent in the sample analyzed (Table 4.15, 4.16, 4.17, 4.18, 4.19, 4.20, and 4.21). There were no 
differences in the size distribution for each measurement even when the sample was divided into 
groups according to sex and ancestry. This further supports the finding that the mouths of 
individuals with and without third molar agenesis do not significantly differ in size. In addition, 
this study conducted logistic regression analysis to assess any relationships that may have been 
overlooked by the non-parametric test. The European-American sample was used because it had 
the largest sample size. The logistic regression analysis using the total European-American 
sample did not find any significant relationships (Table 4.22). Moreover, when the when the 
European-American sample was divided into groups according to sex, the logistic regression 
analysis found no significant relationships (Table 4.24 and 4.26). In sum, the findings of the 
crosstabulation analysis, clustered boxplots, and chi-square analysis support the findings of the 
Kruskal-Wallis tests and logistic regression analysis. The ranges of the measurements of 
individuals with third molar agenesis overlap with individuals who have third molars. Therefore, 
there is no difference in size between individuals with and without third molar agenesis for the 
sample analyzed. According to this study, the size of an individual’s mouth does not seem to be a 
factor the likelihood of third molar agenesis. 
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Based on these results, the hypothesis that individuals with third molar agenesis would 
have significantly different maxillomandibular dimensions than individuals without agenesis is 
not supported. The size of an individual’s mouth does not predetermine if the individual will 
have third molar agenesis. This is not concurrent with the findings of Kajii et al. (2004) 
Tavajohi-Kermani et al. (2002). Why are the findings of this research study contradictory? One 
possibility to explain the difference in findings is small sample size. The cases of agenesis are so 
infrequent in the sample analyzed for this study. In a sample size of 534 individuals, only 62 
individuals exhibit third molar agenesis. It is possible that the small sample of individuals with 
third molar agenesis did not provide the variation necessary to determine an association between 
the cephalometrics of individuals with or without their third molars. 
Additionally, the genetic history and genetic inheritance of the sample is another 
possibility to explain this difference in findings. For example, Kajii et al. (2004) uses a Japanese 
population for their study, whereas, this research sample comes from the records of patients who 
consulted with Dr. Economides in Albuquerque, New Mexico. The percentage of Asian 
individuals in the present study is extremely low. This study’s sample is mostly comprised of 
European-American and Hispanic individuals. Kajii et al. (2004) found that the frequency of 
maxillary and mandibular third molar agenesis significantly increased with decreasing 
dimensions in the maxilla. Kajii et al. (2004)’s sample may explain their findings. Kajii et al. 
(2004) acknowledges this in their study by stating that there is a difference between Asians and 
European Americans in the frequency of third molar agenesis in the upper and lower arches. For 
instance, mandibular third molar agenesis is lower than maxillary third molar agenesis in Asians, 
but not in European Americans. Asian populations have the highest rate of third molar agenesis; 
therefore, this group may have a genetic propensity for M3 agenesis. Asian individuals are 
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customarily smaller in body size than other ancestral populations; thus, it is possible that there is 
a link between their small size and a tendency for third molar agenesis. Third molar agenesis 
may not be a trend across all modern populations, but instead linked between Asian populations 
and their small body size. Therefore, the differences in the frequencies of third molar agenesis 
could be influencing the results.  
Another possibility to explain this difference in findings is that a relationship between the 
size of an individual’s mouth and third molar agenesis does not exist. This research study’s 
findings argue that the variation in the frequency of third molar agenesis does not support the 
theory that an evolutionary trend toward smaller mouths is a ubiquitous human condition. Taken 
as a whole, human variation is not homogenous. For example, there is a higher frequency of third 
molar agenesis in large-jawed Inuit than in smaller-jawed whites. A sample of Inuit mandibles 
from Alaska exhibited a third molar agenesis frequency of 26.6% (Goldstein 1932). 
Additionally, a study of mid-Pleistocene European hominids found that though the size of their 
lower canines was reduced, it was not accompanied by a reduction in size of the mandible 
(Bermudez de Castro 1989). Moreover, Ruffer (1920) found in his Pre-dynastic Egyptian sample 
that the mandibles of those with third molar agenesis were generally large and had enough room 
to accommodate the third molars. Based on these findings, it is possible that third molar agenesis 
is not occurring due to a lack of room in the mouth. It is a greater possibility that genetic 
variation is influencing third molar agenesis, not an evolutionary change in diet (Lidral and 
Reising 2002, Nieminen 2009, Vastardis 2000, Vieira 2003). Perhaps certain populations have a 
higher rate of third molar agenesis because a specific mutation causing third molar agenesis 
became fixed within the population. Therefore, further research is needed to better understand 
the dynamic relationship between maxillomandibular dimensions and third molar agenesis. 
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Future Research 
The information gathered in this study is useful to biological anthropologists who wish to 
investigate the evolutionary processes acting on the modern human population and study an 
example of phenotypic plasticity within humans. Understanding the prevalence of third molar 
agenesis is the step to understanding the relationship between diet, technology, and human 
evolution. More so, this project has provided anthropologists with analysis and findings on the 
frequency of third molar agenesis obtained on a juvenile subset of the United States population. 
In addition, this research is useful to clinicians and patients, as well as, policy makers, given the 
implication of third molar extraction protocols. Furthermore, the third molar, though not ideal, is 
sometimes the only indicator of age that can be used when considering young adults (Mincer et 
al., 1993). Case reports have demonstrated that, in some instances, age can be miscalculated 
because of reliance on the presence of third molars (Nambiar et al. 1996). Thus, this information 
is expected to be of use to forensic anthropologists.  
Future work should focus on characterizing the prevalence of agenesis in understudied 
populations, particularly populations in South America, Africa, and Oceania. Researchers should 
continue to investigate the relationship between skeletal malocclusions and third molar agenesis. 
With this sample of individuals from the University of New Mexico’s Maxwell Museum of 
Anthropology Orthodontics Case File System, it is possible to look for a relationship between 
skeletal malocclusions, anterior crowding, and third molar agenesis. In addition, researchers 
should draw on the work of Franz Boaz to study the effects of the plasticity of development due 
to environment (Boaz 1912). Future studies should evaluate the frequencies of agenesis in first-, 
second-, and third-generation immigrants compared to their parents. These studies will help 
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determine if third molar agenesis is influenced by an environmental factor, such as changes in 
diet or cultural practices. Lastly, future studies should record the frequency of the MSXI 
mutation in multiple ancestral populations. Research should determine if the MSXI mutation is 
more often found in ancestries with the highest rates of third molar agenesis, such as Asian or 
Inuit populations. These studies will help determine if the evolutionary trend toward third molar 
agenesis is due to an environmental factor or a genetic factor. Further efforts should be made to 
discern the etiology of third molar agenesis in order to refine our understanding of its variation 
among human populations.  
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CHAPTER SIX:  
CONCLUSION 
 
This study uses a sample of 534 individuals from the University of New Mexico’s 
Maxwell Museum of Anthropology Orthodontics Case File System to determine the frequencies 
of third molar agenesis and an association between maxillomandibular dimensions and third 
molar agenesis. Panoramic radiographs are examined and the presence and absence of each third 
molar recorded. Seven cephalometric measurements are recorded for each individual.  
The research analysis considers the differences in frequencies of third molar agenesis 
between ancestry, dental arcade, and number of third molars missing. Consistent with earlier 
studies, the African American sample has a significantly lower frequency of third molar agenesis 
(0.17%). The Native American sample has the highest frequency of third molar agenesis (9.2%), 
followed by the Hispanic sample (8.46%), and then the European American sample (8.37%). 
Lastly, the Asian sample had a low frequency of third molar agenesis (0.17%) which is 
inconsistent with earlier studies. The inconsistencies are likely due to small sample size and 
genetic history of the sample. The present study finds that individuals with third molar agenesis 
are more likely to have 1 or 2 molars missing than 3 or 4 molars missing. For the present study, 2 
(34.9%) missing third molars is the most common condition, followed by 1 (31.7%), 4 (25.3%), 
and then 3 (7.9%) missing third molars. In addition, the present study finds that individuals with 
third molar agenesis are nearly twice more likely to be missing a molar from the mandible 
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(62.8%) than the maxilla (36.9%). These results are consistent with the work of Carter and 
Worthington (2015).  
 The crosstabulation analysis, clustered boxplots, chi-square analysis, non-parametric 
Kruskal-Wallis tests, and logistic regression analysis for the data do not support an association 
between an individual’s maxillomandibular dimensions and third molar agenesis. Therefore, this 
study’s hypothesis that individuals with third molar agenesis would have significantly different 
maxillomandibular dimensions than individuals without agenesis was not supported. There is no 
difference in dentofacial size between individuals with and without third molar agenesis for the 
sample analyzed. According to this study, the size of an individual’s mouth does not seem to be a 
factor the likelihood of third molar agenesis. This is inconsistent with previous findings that the 
frequency of maxillary and mandibular third molar agenesis significantly increased with 
decreasing dimensions in the maxilla (Kajii et al. 2004 and Tavajohi-Kermani et al. 2002). It is 
possible that this difference in findings is due to the infrequency of cases of agenesis in the 
sample, the genetic history of the sample, and the cephalometrics used in the study. Another 
possibility to explain this difference in findings is that a relationship between the size of an 
individual’s mouth and third molar agenesis does not exist. Based on the findings of this study, 
third molar agenesis is not occurring due to a lack of room in the mouth. It is a greater possibility 
that genetic variation is influencing third molar agenesis, not an evolutionary change in diet 
(Lidral and Reising 2002, Nieminen 2009, Vastardis 2000, Vieira 2003). 
The knowledge of frequencies of third molar agenesis provides anthropologists with a 
useful tool in ascertaining population differences. More so, this information is expected to be of 
use to clinicians and patients, as well as, policy makers, given the implication of third molar 
extraction protocols. In forensic anthropology, awareness of the frequency of congenitally absent 
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third molars may improve the estimation of age from dental remains. Future work on third molar 
agenesis should focus on characterizing the prevalence of agenesis and recording the frequency 
of the MSXI mutation in understudied populations. Research should determine if the MSXI 
mutation is more often found in ancestries with the highest rates of third molar agenesis, such as 
Asian populations. These studies will help determine if the evolutionary trend toward third molar 
agenesis is due to an environmental factor or a genetic factor. Further efforts should be made to 
discern the etiology of third molar agenesis in order to refine our understanding of its variation 
among human populations.  
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APPENDIX A:  
CLUSTERED BOXPLOTS: PRESENT VS. ABSENT THIRD MOLARS 
 
 
Figure A.1: Clustered boxplot for groups of cases using CO-GN as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.2: Clustered boxplot for groups of cases using CO-GO as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.3: Clustered boxplot for groups of cases using CO-SS as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.4: Clustered boxplot for groups of cases using AO-BO as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.5: Clustered boxplot for groups of cases using AFH as the variable, sex as the category, 
and defining the clusters by presence or absence of the third molar. 
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Figure A.6: Clustered boxplot for groups of cases using SPA-PG as the variable, sex as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.7: Clustered boxplot for groups of cases using PFH as the variable, sex as the category, 
and defining the clusters by presence or absence of the third molar. 
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Figure A.8: Clustered boxplot for groups of cases using CO-GN as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.9: Clustered boxplot for groups of cases using CO-GO as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.10: Clustered boxplot for groups of cases using CO-SS as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.11: Clustered boxplot for groups of cases using AO-BO as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.12: Clustered boxplot for groups of cases using AFH as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.13: Clustered boxplot for groups of cases using SPA-PG as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.14: Clustered boxplot for groups of cases using PFH as the variable, ancestry as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.15: Clustered boxplot for groups of cases using CO-GN as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.16: Clustered boxplot for groups of cases using CO-GO as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.17: Clustered boxplot for groups of cases using CO-SS as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.18: Clustered boxplot for groups of cases using AO-BO as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.19: Clustered boxplot for groups of cases using AFH as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.20: Clustered boxplot for groups of cases using SPA-PG as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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Figure A.21: Clustered boxplot for groups of cases using PFH as the variable, age as the 
category, and defining the clusters by presence or absence of the third molar. 
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APPENDIX B: 
CLUSTERED BOXPLOTS: NUMBER OF THIRD MOLARS PRESENT 
 
 
Figure B.1: Clustered boxplot for groups of cases using CO-GN as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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Figure B.2: Clustered boxplot for groups of cases using CO-GO as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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Figure B.3: Clustered boxplot for groups of cases using CO-SS as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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Figure B.4: Clustered boxplot for groups of cases using AO-BO as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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Figure B.5: Clustered boxplot for groups of cases using AFH as the variable, age as the category 
and defining the clusters by the number of third molars present. 
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Figure B.6: Clustered boxplot for groups of cases using SPA-PG as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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Figure B.7: Clustered boxplot for groups of cases using CO-GN as the variable, age as the 
category and defining the clusters by the number of third molars present. 
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APPENDIX C: 
CHI-SQUARE ANALYSIS 
 
Table C.1.1: Processing summary for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s sex. 
 
 
Table C.1.2: Crosstabulation for chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s sex. 
 
 
Table C.1.3: Pearson chi-square results for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s sex. 
 
 
N Percent N Percent N Percent
534 100.0% 0 0.0% 534 100.0%
Cases
Valid Missing Total
M3 * Sex Case Processing Summary
Female Male Total
Present 259 213 472
Absent 30 32 62
289 245 534
M3 * Sex Crosstabulation
M3
Total
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
.928
a 1.00 0.34
a. 0 cells (0.0%) have expected count less than 5. 
The minimum expected count is 28.45.
Chi-Square Tests
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Figure C.1: Bar chart presenting number of cases within each sex with present or absent third 
molars from chi-square analysis testing for significant difference between presence or absence of 
third molar and an individual’s sex. 
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Table C.2.1: Processing summary for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s age. 
 
 
Table C.2.2: Crosstabulation for chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s age. 
 
 
 
Table C.2.3: Pearson chi-square results for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s age. 
 
N Percent N Percent N Percent
534 100.0% 0 0.0% 534 100.0%
M3 * Age Case Processing Summary
Cases
Valid Missing Total
9 10 11 12 13 14 15 16 Total
Present 59 59 84 83 72 56 45 14 472
Absent 6 7 7 9 13 9 9 2 62
65 66 91 92 85 65 54 16 534
M3 * Age Crosstabulation
M3
Total
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
4.882
a 7 0.674
Chi-Square Tests
a. 1 cells (6.3%) have expected count less than 5. 
The minimum expected count is 1.86.
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Figure C.2: Bar chart presenting number of cases within each age with present or absent third 
molars from chi-square analysis testing for significant difference between presence or absence of 
third molar and an individual’s age. 
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Table C.3.1: Processing summary for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s ancestry. 
 
 
 
Table C.3.2: Crosstabulation for chi-square analysis testing for significant difference between 
presence or absence of third molar and an individual’s ancestry. 
 
 
Table C.3.3: Pearson chi-square results for chi-square analysis testing for significant difference 
between presence or absence of third molar and an individual’s ancestry. 
 
N Percent N Percent N Percent
534 100.0% 0 0.0% 534 100.0%
M3 * Ancestry Case Processing Summary
Cases
Valid Missing Total
African 
American
Native 
American Asian
European 
American Hispanic Total
Present 16 40 16 305 95 472
Absent 1 5 1 42 13 62
17 45 17 347 108 534
M3 * Ancestry Crosstabulation
M3
Total
Value df
Asymptotic 
Significance 
(2-sided)
Pearson 
Chi-Square
1.199
a 4 0.878
Chi-Square Tests
a. 2 cells (20.0%) have expected count less than 5. 
The minimum expected count is 1.97.
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Figure C.3: Bar chart presenting number of cases within each ancestry with present or absent 
third molars from chi-square analysis testing for significant difference between presence or 
absence of third molar and an individual’s ancestry. 
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